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(vii) The Special Eye Examination. 

A. Characters recorded. We have already seen that the vision of the Alien Jewish Children is 
poor. We propose in this section to consider what light our Special Eye Examination of the Alien 
Jewish Boys throws on this matter*. Is the poor eyesight of these children produced by any 
factors of their environment or is it a racial character? Some years ago a memoir was published 
by our Laboratory which criticised the view of Cohn and others that myopia, especially the 
myopia of the Germans, was largely due to environmental factors. We had failed to find any 
significant correlation of poor sight with environmental conditions, and we were very desirous of 
testing this matter on the material provided in the present case by our home visitations, and by 
a more complete ophthalmic examination than is feasible in the usual school medical inspections. 

The following characters were recorded: 

(i) Visual Acuity. 

(a) Registration of Record. The usual method with Snellen’s types is unsatisfactory from both 
the statistical and anthropometric standpoints, as it masses some three-quarters of the population, 
which undoubtedly have very considerable differences in visual acuity, into one single class, the 6/6 
group. We considered it most desirable to break up this group, and accordingly introduced types 
which gave us the following classes: 

,6 6 6 6 6 6 6 6 6 6 6 5 38 1 
4’ 5’ 5’ 6 6’ 9’ 12’ 18’ 24° 36’ 60’ 60’ 60’ 60° 

We also introduced a notation for those who could read one type correctly and read in part but 
not wholly correctly a type of the class above. We thus reached the following scheme of categories: 

B:; &, &, 6 6 & 6F 6 & 6 6 G& 6 6 6 6 6 6 6 6 6 5 3B 1 

* 4° 4? 5’ 5’ 5’ 6’ 6 6’ 9’ 9 BO’ 12’ 12? 12’ 18’ 18’ 24’ 30° 36’ 60’ 60’ 60’ 60’ 
or as decimals: 
C: 1-50, 1-40, 1-30, 1-20, 1-13, 1-06, 1-00, -89, -78, -67, -61, -55, 50, -45, -40, +33, -25, -20, +17, -10, -08, -05, -02. 


* Annals of Eugenics, Vol. 1, pp. 9 and 53. 
{ ‘A First Study of the Inheritance of Vision and of the Relative Influence of Heredity and Environment on Sight,” 
Eugenics Laboratory Memoirs, No. V, Cambridge University Press. 
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The divisions between these categories may then be taken as: 

D: 1-45, 1-35, 1-25, 1-167, 1-10, 1-033, -945, -835, -725, -64, -58, -525, -475, -425, +365, -29, -225, -185, -135, -09, -065, -035, -015. 

Or, taking the central values in these ranges, we have: 

E: 1-50, 1-40, 1-30, 1-208, 1-133, 1-066, -989, -89, -78, -682, -61, -552, -50, -45, -395, -327, -257, -205, -17, -112, -077, -05, -018. 
the differences between C and E arising from the inequality of the ranges in C. 

But for our sparse numbers the grouping was still somewhat erratic. We accordingly made the 
following grouping, which gives a reasonably smooth distribution: 


Table CXLV. Frequency of Vision Classes. 507 Boys. 


Frequencies Central Values 
Snellen Types | Decimal Values : 

a R. Eye | L. Eye | Total Eyes ue Monocular | Binocular 

6/4 1-50 2 1 3 3 1-50 1:50 

6-/4 1-40 9 8 17 7 1-40 1-40 

6+/5, 6/5 1-30, 1-20 45 40 85 64 1-:285- 1-29 

6—/5, 6+/6 1:13, 1-07 105 92 197 127 1-101 1-11 

6/6, 6—/6 1-00, -89 120 124 244 107 “91 “91 

6+/9, 6/9 “78, -67 59 58 117 42 “755+ 75 

6-/9, 6/12, 6/12 61, -55, 50 61 53 114 39 571 58 

6/12, 6/15, 6/18 ‘45, -40, -33 43 58 101 27 37 37 

6/24, 6/30 25, -20 25 25 50 11 244 25 

6/36, 6/60 17, -10 22 28 50 10 14 14 

5/60 08 8 10 18 6 08 08 

3/60, 1/60 05, -02 8 10 18 4, 04 04 

Totals ... 507 507 1014 447 — — 


The last two columns have been obtained by taking the mean values for the uncompounded 
subranges to obtain a central value for the final ranges. There is so little difference between 
the results obtained for monocular vision (Total Eyes) and binocular vision, that it seemed simplest 
to use the central values of the binocular vision whether we are dealing with monocular or binocular 
frequencies*. In the tables it is the central values provided by the last column which will always 
be given and these have been used for determining variation and correlation constants. 

The reader will have little difficulty in interpreting our visual acuity values. For example, 
if the acuity of an individual be given as 1-16, this means that he can read at 6 metres a Snellen’s 
type of size 6/(1-16) = 5-172 or a type which might be interpolated at about 1/6 of the distance 
from Type 5 to Type 6. 

(b) Comparison of our Method and that of the usual School Medical Examination. If the reader 
examines the frequency distribution for 1014 eyes in Table CXLV, he will recognise that 302 eyes 
in 1014, ie. 29-8 % or practically 30 % of the children, had greater acuity than 6/6. But all these 
children cannot be treated as other than belonging to the category 6/6 in the usual method of 
estimation. Again, of the 325 eyes which could read 6/9 but not 6/6, no less than 92 % read 6+/9 
or 6-/6. Looked at from our standpoint the mean of the 6/6 group was not 1-00, but 1-16 and of 
the 6/9 group not -67, but 84. In this way we reach for the Medical Examination values for the 
categories: 6/6, 6/9, 6/12, 6/18, 6/24, 6/36, 6/60 and < 6/60, not centering at 1-00, -67, -50, -33, -25, 
-17, -10 and -08 respectively but at 1-16, -84, -57, -37, -25, -18, -10 and -06. These applied to the 1723 
boys and 1880 girls of the Jews’ Free School Medical Examination give mean acuities of: 

Boys: +722 = 6/8-310, and Girls: -674 = 6/8-902, 
or the means connote Snellen’s types 1-4 and 1-6 respectively smaller than those corresponding 


* If without appealing to experience we had taken merely the central points of the corresponding ranges in D (at the 
top of this page), we should have had the values 1-50, 1-40, 1-26, 1-10, -94, -74, -56, +38, -24, -14, -08, -04; the diver- 
gence is of no practical importance. 
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to the means found from treating the usual values as the centres of their groups, ie. -6152 = 6/9-753 
and -5728 = 6/10-475. 

It is clear that however helpful the usual school examination may be as a rough sieve for 
extracting children with bad vision, the data provided in this way are by no means suited to a 
scientific investigation of the distribution of acuity of vision in a given population. It may be 
doubted indeed whether Snellen’s types are suited at all to such an investigation although we 
improve our results very much by the use of additional letters. Galton, who saw the difficulty 
more than forty years ago, defined visual acuity as the distance in inches at which diamond type 
could be read, thus in theory getting a perfectly continuous scale. Unfortunately in the practice 
of his Anthropometric Laboratory* he used an instrument in which diamond type was set up 
at a number of definite distances in geometrical progressiont. Thus he obtained a distribution 
with an even more troublesome division of the subranges than we find with the use of Snellen’s 
types. Probably an instrument in which a screw of small pitch could be used to bring a specimen 
of diamond type nearer and nearer to the eye would be fittest; it would enable us to get a con- 
tinuous scale and to choose equal subranges. 

As we have considerable numbers of the same children recorded under both Medical and 
Special Examinations we are able to correct the values given by the former and assign to them a 
rather more accurate measure of vision. We shall thus speak of Medical Examination data and 
Corrected Medical Examination data. 

In the Special Examination we have visual acuity of R. and L. eyes separately, and can take 
when we please vision of “better” eye. We have also binocular visual acuity. Our diagrams in 
Section C enable us to link up these various ways of regarding vision. 

(ii) Refraction Class. (Determined without a mydriatic.) Each eye was considered separately 
and the eyes have been classed as follows: 


Refraction Class t. 


Sphere Cylinder 
N =Normal (Emmetropic) 0 to +0-75 D. 


H = Hypermetropic 0} +1D. to +1-75 D. 


(2) + 2 D. or over — 0-75 to + 0-75 D. 
M = Myopic {iD ee to — 0-75 D. 
(2) — 1 D. or under 
HA = Hypermetropic Astigmatism 0 or + -» + 1D. or over. 
MA = Myopic Astigmatism 0 or — Sos ..» — 1D. or under. 
Mixed A = Mixed Astigmatism eee I+ ... a ... With — 1 or under except when sphere > cylinder. 
as With + 1 or over except when sphere > cylinder. 


Astigmatism is measured by the cylindrical correction, which is entered on our refraction 
section of the schedule. 

Very little comparative material is available for Refraction Class, partly because various 
observers record somewhat differently, partly because only children with defective vision are, in 
most of the school work, tested for refraction errors. Thus it is difficult to find a random sample. 
The Glasgow measurements by Rowan and the-Charity Organisation Society Edinburgh data are 


* The use of a similar instrument renders the visual acuity of the Cambridge Anthropometric Laboratory Records 
very difficult to reduce and discuss. 

+ Galton, in doing this, was taking into account Fechner’s Law. Actually he set his types at equal angles round an 
equiangular spiral with the eye at the pole. No one has yet attempted to reduce Galton’s data by considering the 
measure of vision not to be the inches of distance at which diamond type was read, but to be the angle at which the 
type read was set. 

t It is needful, as most school medical officers have found, to extend the region covered by the word ‘“‘normal.” The 
word Emmetropic really refers to a boundary, and having no range, there would be no frequency. Experience has 
shown it convenient, however, to include slight divergences from Emmetropia in an Emmetropic or Normal Group. 
See the Note appended to Section B, p. 140. 
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fairly comparable, but to compare both with our Jews Myopic (1) from the above table must 
be added to Emmetropic. To compare the Jews with Thompson’s London data both Hyper- 
metropic (1) and Myopic (1) must be added to Emmetropic. Even then Thompson’s data, for 
reasons given elsewhere*, are very anomalous. 

No mydriatic was used in any of these cases. Where it has been used we have found all com- 
parison idle. The use of a single correction for all grades of refraction does not get over the 
difficulty of the far greater variability of the series where a mydriatic has been used. In Table CXLVI 
we have rearranged the Jewish Boys in classes as seemed most fitting to the compared data. 


Table CXLVI. Comparative Results for Refraction Class in Jewish and Gentile Children, 


: . | Hypermetropic Mixed Myopic . 
Emmetropia | Hypermetropia | “Astigmatism | Astigmatism | Astigmatism | Myopia _ 
Alien Jews (900 Boys) 69-9 % 17% T7% 14% 44% 89% 
Edinburgh Data (498 Boys) 44-38% 30-3 % 15-5 % 42% 32% 2-0 % 
— 

Alien Jews (900 Boys) 69-9 % 77% T7T% 14% 13:3 % 
Glasgow Data (220 Boys) 55-5 % 250% 10-5 % 3-5 % 55% 
Alien Jews (900 Boys) 755% 21% 77% 14% 13:3 % 
London Data (10,416) 92:5 % 17% 18% 17% 2:3 % 


The one clear point which comes out of these returns is the great excess of Myopia among the 
Jewish lads. It is clear also that the Scottish boys had more manifest Hypermetropia than the 
Jews or the Londoners, or else the methods of observation were too different for comparison 
to be madef. Thompson’s data based upon examining only the boys with bad vision are very 
unsatisfactory, and immensely exaggerate the Emmetropic group. We are inclined to believe 
that it is really needful to add the bulk of the Hypermetropia to the Emmetropia for purposes 
of comparison, when we find: 


Alien Jews 
77:6 % 


London Glasgow 


94-2 % 80-5 % 


Emmetropia and Hypermetropia 


We should then discard the London data as unreliable, and find the Jewish Boys intermediate 
between the two Scottish Groups. We think, however, that while the Jewish Boys have markedly 
more Myopia they may really have less Hypermetropia. Table CXLVI might suggest that this is 
certainly so, but experience has taught us that personal equation plays a large part in ophthalmic 
observations on school children. Some additional records were sent to the senior author of this 
paper some years ago by Dr J. J. Butterworth, Medical Superintendent of Schools, Preston. He 
determined the refraction class for 391 girls and 99 boys, aged 14 to 16. The eyes were carefully 
examined by test types and the ophthalmoscope, a mydriatic was not used except in a few cases 
where it was not possible to get a correction for the vision with lenses. Small errors of refraction 
not interfering with vision or producing symptoms (probably our Hypermetropia (1)) were 
reckoned ‘‘normal.”” Hypermetropic and Myopic Astigmatism were included in Hypermetropia and 
Myopia respectively. The children were drawn from elementary schools and were bursary holders 
and pupil teachers. Their parents were representatives of the ower middle and upper working classes. 


Normal Hypermetropic Myopic Mixed Astigmatic 
Alien Jewish Boys 68-6 % 9-8 % 20-2 % 14% 
Preston Boys 15% 10% 13% 2% 
» Girls 75% 10 % 12 % 3% 


This comparison we believe to be the best available at present. 


* “A First Study of the Inheritance of Vision, etc.,” Eugenics Laboratory Memoirs, No. V, Cambridge University 
Press, pp. 2, 28. + As to the Hypermetropic totals see our first footnote, p. 115. 
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(iii) General Refraction and General Astigmatism. These were determined by aid of lenses and 
checked by retinoscopy in doubtful cases*. The following are the frequencies found for some 


900 Jewish boys: 
Table CXLVII. Percentages of General Refraction and Astigmatism. Alien Jewish Boys. 


Central Values in Dioptres Total 
Nos. 
+8and; +75 | +675] +60 | +525/ +45 | +375] +30 | +225] +15 | +-75 0-0 
Percentages over 
of General SSS 
Refraction 00 00 ‘Il +44 “44 +33 1-83 1-17 | 3°61 2:78 20:78 | 49-17 
—-75 | —15 | —225| —30 | —3-75| —45 | —525| —60 | —675| —7-5 |-—8and 
Percentages under 
of General ce Se ee rn 
Refraction 9-33 3-94 2-83 78 “89 00 ‘78 ll “44 00 22 900 
Central Values in Dioptres Total 
Nos. 
— 3-75 — 3-0 — 2:25 — 15 — +75 0-0 + :75 +15 + 2-25 
Percentages of -_ 
General Astigmatism -00 00 17 44 6-46 T4:17 11-09 2:32 3-15 
Univ. Coll. Students 30 “44 1-41 | 1-63 8-14 41:87 30-99 7-40 | 4:07 
+ 3-0 + 3-75 + 4:5 + 5-25 +60 + 6°75 + 7:25 +80 
Percentages of sees 
General Astigmatism ‘717 ‘99 33 17 “00 00 00 -00 906 
Univ. Coll. Students “89 “74 44 | -59 15 30 ‘00 -59 | 676 


The only non-selected material that we can find for comparison is provided by the students who 
come to the Galton Anthropometric Laboratory; but there are difficulties here: (i) we have an 
average age of 19 to 20 instead of 11 to 12, (ii) a considerable number of the students are Jews, 
and (iii) an attempt is made to record to a quarter dioptre. The frequency distribution for the General 
Refraction of the Jewish Boys indicates that a similar attempt was not successful in their examina- 
tion, the quarters being given far less frequently than the halves. (iv) Now that it is known that 
eye-testing goes on in the Laboratory, a considerable number of students come suspecting their 
eyes to be wrong and desiring to know whether they ought to consult an ophthalmologist f. 
Thus, as there is no compulsion on students to come, we do not get for sight a fair sample of the 
general student population. All that the comparison shows is that the Jewish Boys, 11 to 12 average 
age, have less Astigmatism than the young men of 19 to 20, and that the small grades of this may be 
really due to finer measurement of the latter. We think there is no doubt that the Jewish Boys are 
more myopic than the Gentiles; whether they are less astigmatic requires an independent examina- 
tion more free than ours can claim to be from differences of age, method of determination and 
personal equation. We believe, however, that such an examination will show the Jew to be less 
astigmatic than the Gentile. What is essentially needed is the examination of an entire school 
population for ocular characters without the least selection. 

(iv) Corneal Refraction and Corneal Astigmatism were found by aid of the ophthalmometer. 

(a) For the measure of Corneal Refraction, we have taken the refractive power of the eye in 
the horizontal meridian; or in the cases where the axes are oblique, the power in the principal 
meridian nearer to the horizontal. 

Corneal Astigmatism has been measured by the difference in the refractive powers of the 


* Without a mydriatic this does not allow of a fine determination of Hypermetropia, and it is possible that the 


Emmetropic totals have been swollen at the expense of the Hypermetropic. 
+ All students whose eyes are defective are warned and told to consult an ophthalmologist. 


15-2 


116 PROBLEM OF ALIEN IMMIGRATION 


cornea in the two principal meridians. The Astigmatism is counted positive when the curvature 
is greater in the vertical than in the horizontal meridian. 

Both Corneal Refraction and Astigmatism were measured in dioptres and an attempt was made 
to measure to a quarter dioptre accuracy. This was not found possible and accordingly we have 
clubbed together every two or three -25 dioptre successive ranges. The following table gives the 
frequency distributions of some 1000 individual eyes in children of all ages. 


Table CXLVIII. Corneal Refraction and Astigmatism (Boys). 


Refraction Astigmatism 
Refractive Power Dioptres | 

Central Values | R- Eye L. Eye Central Values| B- Eye L. Eye Both % 
38-25 o — 2-25 — 1 1 0-10 
38-75 oi 
39-25 ' -1:5 4 3 7 0-70 
39-75 5 
40:25 i --75 9-5 9 18°5 1-84 
40-75 . 0 213 217 430 42-74. 
41-25 
41-75 E + 75! 194-5 193 387°5 38-52 
reer +15 39 36 75 7-46 
43:25 . 2-25 26 ’ 
43°15 : + 26 52 517 
44-25 . + 3:0 8 11 19 1-89 
44-75 , 
45-25 20. 7 . + 3-75 3 5 8 0-80 
45°75 , : 
46-25 + 4:5 2 1 3 0-30 
46-75 . 3 . . + 5-25 3 1 4 0-40 
47-25 D 
47°75 : +60 1 — 1 0-10 

Totals... 5 Totals ... 503 503 1006 100-02 


1 The plus sign as with refraction measured subjectively signifies here “with the rule,” i.e. convex correcting cylinder has axis nearer 
to vertical than horizontal. 

The above table shows that we may combine either for Corneal Refraction or for Corneal Astig- 
matism our observations for both eyes. We shall see in Section B that in the case of the Jewish 
Boys observed there was extremely little change in either Corneal Refraction or Corneal Astig- 
matism with Age. 

In the case of Corneal Astigmatism we have no comparative English data. The only com- 
parative material available is that due to Steiger* for 1502 schoolboys aged 8 to 16 in Berne. 
Steiger’s frequencies run with admirable smoothness. Our Jews’ Free School recorders found it 
difficult to determine the refraction to a quarter dioptre and we had to make adjustments in 
grouping to get comparable series. The following table provides the best results we could obtain 
for comparison with 1006 Jewish cases. 

It will be seen that the Alien Jewish Boys have greater percentages of the higher degrees of 
Corneal Astigmatism both with and against the rule than the Swiss Boys, although as a race 
the Germanic is markedly defective in sight. The Swiss Boys, according to the data, have a mean 
of -68 D. as against the Jewish -54 D. and tend to be more astigmatic with the rule than the 
Jewish Boys. 


* “Studien tiber die erblichen Verhaltnisse der Hornhautkrimmung,” Zeitschrift fiir Augenheilkunde, Bd. xvi, 8. 236. 
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Table CXLIX. Corneal Astigmatism in Jewish Boys and Swiss Boys. 


Dioptres Alien Jewish Boys Swiss Boys (Germanic Race) 

Upto — 1-25 0-60 % —_ 
— 1:25 to — -75 0-80 % — 
—-75 to — -25 1:79 % 0-77 % 
— 25 to + :25 38-32 % 12:94 % 
+ :25 to + °75 25-25 % 48-70 % 
+:75 to + 1:25 18-44 %, 28-10 % 
+ 1:25 to + 2-25 9-34 % 7:09 % 
+ 2:25 to + 3-00 3-68 % 1-60 % 

Above + 3-00 1-79 % 80 % 

No. of cases on which based 1006 1502 


Steiger’s data for 882 Berne schoolboys (10-16) enable us to form some comparison between 
the Corneal Refraction (“ horizontal” meridian) for our Alien Jewish children and the boys of 
German race. We are, however, compelled to adopt relatively few classes. 


Table CL. Corneal Refraction. (Jewish and Swiss Boys.) 


Alien Jewish Boys Swiss Boys (Berne) 

Dioptres Totals % Totals % 

Up to 40-125 25 2-5 21 2-4 

40-125 — 41-125 60 6-0 60 6-8 

41-125 — 42-125 128 12-7 180 20-4 

42-125 — 43-125 206 20-5 279 31-6 

43-125 — 44-125 263 26-1 194 22-0 

44-125 — 45-125 180 17-9 120 13-6 

Above 45-125 144 14:3 28 3-2 

Totals ... ite 1006 _ 882 — 
Means... oe sts 43-353 + -032 42-801 -++ -029 
Standard Deviations ... 1-497 +. -023 1-275 + -021 
Coefficients of Variation 3-453 + -079 2-979 + -063 


The differences between the constants may be all considered significant; thus the corneal curva- 
ture* of the Jewish child is significantly greater than that of the German child, and it is sensibly 
more variable, i.e. less concentrated about its mean value. 

(b) Personal Equation of Observers using the Ophthalmometer. Three trained observers used the 
ophthalmometer in succession. The frequency distributions for both Corneal Refraction and 
Astigmatism of A and B were in reasonable agreement, but there were considerable differences 
between those of C and the distributions of A and B together. A difficulty therefore arises as to 
whether this difference is due to personal equation or to a different class of boys having been 
submitted by the teachers to A and Bf. Unfortunately we could not control the personal equation 
of the earlier and later observers because no observations had been made on the same boys; we did 
not a priori anticipate any considerable difference between the results and only at the reduction 
of the observations 10 years later was such a difference discovered. Even had it been discovered in 
1914 many of the boys would have left the school and for those still in it there would have been 
a difference of 3 to 4 years in age between the two investigations. 

We endeavoured to compare A and B with C in other ocular characters to test whether the 


* The mean radius of curvature (of the “horizontal”? meridian) of the Jewish boys is 7-773 mm. and of the Swiss 
boys 7:874 mm. 

+ A and B observed in 1910 and 1911, C in 1914. The death of A prevented his completing the task he had under- 
taken and it was only after some years that we were able to find an ophthalmologist to continue the work. B was a 
laboratory assistant of A, and therefore fairly well trained in his methods. 
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divergence was due to personal equation or to differentiation in the groups of boys dealt with. 
The Acuity of Vision results showed that C distributed the population he observed more widely, 
especially making more use of the additional Snellen’s types we had introduced, but on the whole 
we could not say that the visual acuity results showed that he was dealing with a sensibly divergent 
population. We came to the conclusion therefore that it was probably a matter of personal equa- 
tion. In order to cover both possibilities however we have for both Corneal Refraction and 
Astigmatism worked out in many cases our results for the data of A, B and C pooled and for the 
data of A and B only. This distinction will be met with especially in Sections D, F and G, where 
nevertheless it rarely leads to any sensibly divergent conclusions. 

(v) Distance of Near Point. This was also determined in a fair number of cases. 

Besides the optical characters we have just considered, a certain number of head measurements 
were taken in order to test whether vision is in any way related to shape of head. These were 
maximum length (L) from glabella to occipital point, maximum parietal breadth (B), auricular 
height (OH) from the auricular axis as centre line of the auricular passages to the point of the 
head in the sagittal plane vertically above the auricular axis, when the head is facing straight- 
forward, the perpendicular distance from the nasion to the auricular line (n), the perpendicular 
distance of the most advanced point of the frontal sinus above the left eye to the auricular axis (s), 
the perpendicular distance from the centre of the anterior surface of the left eyeball* to the 
auricular axis (c), and the interpupillary distance (i.p.). From these measurements five indices 
were determined, namely: 


(i) The First Cephalic Index . 100 B/L, 

(ii) The Second Cephalic Index ... 100 O0H/L, 
(iii) The Third Cephalic Index .. 1000H/B, 
(iv) The Interpupillary Index » 1007.p./B, 


(v) The Index of the Sunken Eye... 100c/}(” + 8). 
Clearly the larger this latter index is the less sunk is the eyef. 
In addition to these lengths on the head we determined the colour of hair and eyes and the 
appearance of the fundus in order to see whether pigmentation was in any way related to ocular 


characters. 
For details of measurement of the hair and eye colour characters we must refer the reader to 


pp. 19-22 of the already published portion of our paper in Annals of Eugenics, Vol. 1. 


B. Change of Ocular Characters with Age. 

(i) (a) Visual Acuity and Age. This is the only ocular character for which we have an adequate 
number of girls, and this only for the general Medical, not for our Special Eye Examination. 

We obtained the following constants for the Medical Examination data: 


Mean Age wee ey Boys: 11-427 yrs. Girls: 11-030 yrs. 
Standard Deviation Age he ns 1-86845 yrs. a 2-0291 yrs. 

Mean Visual Acuity Sie BE *6152 = 6/9-753 ‘ 5728 = 6/10-475 
Standard Deviation Vision ... +2858 oe -2600 


Correlation of Visual Acuity and, Age found by the product moment method: 
Boys: + +1282 + -0160 Girls: + -0925 + -0154. 
* This included the thickness of the eyelid which was drawn down over the cornea when the distance was measured. 


{ Tov & ép0arpéav of pev peydror, of dé puxpoé, of 82 péoor, of péoor BéATicTOL. Kal } éxrds opddpa, } évrds, } péows. Tovrwv 
of évros padiota d£vwrécraror emt tavros Cyov, 7d Sé péecov AOous BeAtiocrov onuciov. ARISTOTLE, De Animalibus Historiae, 1, x. 
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Table CLI. Visual Acuity and Age (Monocular). Medical Examination. 


area Boys’ Visual Acuity Girls’ Visual Acuity 
e8 
(Gen) 6/6 | 6/9 6/36 | 6/60 | < 6/60 | Totals || 6/6 | 6/9 | 6/12 | 6/18 | 6/24 | 6/36 | 6/60 | < 6/60| Totals 
6-208 |} — | — —|)-— _— —_ _ 2 2 —_ —_— — — — 4 
6-708 | — 2 —;j— —_ 4 19 7 11 1 — — 2 _— 40 
7-208 3 12 —-j;- — 28 26 ll 15 9 5 — —_ —_ 66 
7-708 | — | 22 2 2 —_— 48 6 16 | 23 7 3 I —_— —_— 56 
8-208 1 38 I 2 —_ 86 8 33 | 44 21 13 _— 3 — 122 
8-708 | 22 32 2 2 — 114 7 | 45 | 38 28 ll 5 2 —_ 136 
9-208 | 12 23 6 2 —_ 70 7 18 7 16 9 1 4 2 74 
9-708 | 14 | 22 4 3 2 74 6 | 26 | 23 15 4 10 2 —_ 86 
10-208 | 18 24 4 2 1 84 2 30 28 28 9 5 2 _— 104 
10-708 | 15 26 4 4 _ 82 4 27 38 25 8 10 — —_ 112 
11-208 | 19 30 6 2 _— 114 18 19 30 12 ll 4 —_ _ 94 
11-708 | 20 22 7 2 1 71 33 49 38 9 7 7 5 — 148 
12-208 | 122 65 16 15 4 332 58 | 69 52 34 23 22 7 — 265 
12-708 | 98 72 19 11 _ 278 68 76 63 17 14 17 4 6 265 
13-208 | 68 36 il _ —_ 160 49 | 39 | 28 19 10 2 3 _ 150 
13-708 | 38 | 24 8 4 1 108 36 | 41 20 16 6 7 — 2 128 
14:208 | 14 15 3 2 —_ 52 4 13 4 5 2 2 1 1 32 
14-708 3 9 — 1 1 18 —_ 2] — — — — —_— —_— 2 
15-208 | — | — —-|-— _ _ 2);—]— —_— — — —_ _— 2 
Totals | 467 | 474 93 54 10 1723 353 | 523 | 474 | 262 135 93 35 11 1886 


Both these correlation coefficients are significant, and show that vision improves with age. 
From them might be calculated the regression lines of visual acuity on age. But the slightest in- 
vestigation of the data shows that children about 8 and 12 years have been selected for examina- 
tion, so that the correlation coefficient is of small importance. If we compute the correlation 
ratio of vision on age we surmount this difficulty. We find: 


ny.4 = 027,953, 7 = -008,706 + -002,134, »’,. 4 = 1672 for boys, and 
n?y.4 = (067,137, 72 = 007,953 + -001,968, 1’y.4 = -2591 for girls. 


Both these values are significant and indicate that the correlation is skew. 
The following are the mean visual acuities at the several ages: 


Table CLIT. Visual Acutties at Several Central Ages. Medical Examination. 


Boys Girls 
ar se Visual Acuity? east Visual Acuity? 
7-146 “5894 {-7059} 6-663 7286 {-8541} 
7-708 -5035 {-6046} 7-208 6832 {7959} 
8-208 +5422 {-6500} 7-708 -5616 {-6612} 
8-708 5861 {-6905} 8-208 5130 {-6016} 
9-208 -B861 {-6719} 8-708 -5088 {-6014} 
9-708 5339 {6539} 9-208 -4827 {-5649} 
10-208 -5956 {7030} 9-708. -4973 {-5867} 
10-708 -5840 {-6904} 10-208 -4677 {-5499} 
11-208 +5645 {-6629} 10-708 4736 {-5538} 
11-708 +6230 {-7362} 11-208 5651 {-6580} 
12-208 +6439 {-7524} 11-708 -6165 {-7293} 
12-708 -6490 {7619} 12-208 5722 {-6712) 
13-208 +6976 {-8169} 12-708 “6151 {-7254} 
13-708 +6266 {-7325} 13-208 *6569 {-7717} 
14-208 -6169 {-7262} 13-708 ‘6367 {7531} 
14-708 ‘5917 {7156} 14-292 ‘B742 {-6864} 


1 The numbers in brackets are the “corrected” values: see p. 112. 


These mean values for the arrays are indicated in Diagrams 47 and 47 bis. We fitted them with 
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cubics* which give a very reasonable representation of the facts observed. We see that the young 
children start with the best vision, that it falls rapidly and reaches its minimum at about 84 years 
in Boys and 93 in Girls. Acuity then improves, and reaches a maximum about 134 years in Boys 
and 133 years in Girls, or somewhere about puberty, after which it begins to fall again. 


VISUAL, AGUITY & AGE 


ALIEN JEWISH BOYS. MEDICAL EXAMINATION Y 
1-0 SS Ee 6/6 


Visual Acuity Reduced to Workirg Scale 
Visual Acuity Suellen's Scale 


@ Urcorrecied Medical Data 


© Gorrected 
Eee eee 
6 y 4 38 9 10 44 12, 13 14 45 
Age iz Years 
Diagram 47. 


Now when a remarkable result of this kind is reached it seems desirable to set to work and 
criticise it and find if possible weak points in its deduction. The first of these we have already 
(p. 111) referred to, ic. the defective centering and bad grouping of the Snellen type testing. 
We accordingly adopted the scale of centering determined on p. 112 (6), and found the following 
constants, those for age of course being unaltered: 


Mean Visual Acuity aie Boys: -7239 = 6/8-288 Girls: +6737 = 6/8-906 
Standard Deviation ies » 73435 » ‘172 
* Boys: V.A. = 6410 + 0220 (A. — 12-208) — -0080 (A. — 12-208)? — -00192 (A. — 12-208). 


Girls: V.A. = -5445 + 0556 (A. — 11-208) + -0026 (A. — 11-208)? — -00440 (A. — 11-208). 
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Correlation of Visual Acuity and Age found by the product moment method: 


Boys: +1142 + -0160 Girls: +0925 + -0154 
Correlation Ratio » 1p 4 = 022,016 » 77.4 = 062,948 
» Wp.4 = 008,706 + -002,124 ,, 75.4 = 007,953 + -001,968 
» ra = 1484 » ya = ‘2509 


The general result of this change is merely to increase the mean visual acuities. The variabilities 
are also increased, but the Girls have still a worse vision, and one more concentrated than the Boys*. 


VISUAL _AGUITY_& AGE 
ALIEN JEWISH _GIRLS._MEDIGAL_ EXAMINATION 


% 


Visual Acuity Reduced io Workirg Scale 
Visual Acuity Sreller’s Scale 


e@ Ureorrecied Medical Data 
O Gorrecied 


3 a 
6 q 8 9 40 11 42 13 44 8 
. Age in Vears 
Diagram 47 bis. 


The correlation constants are practically unmodified; the distributions are still skew and visual 
acuity shows a moderate if quite significant correlation with age. 

The acuities observed at the several central ages will be found recorded in Table CLIT in 
brackets. It will be seen by comparing the array means and the upper curves on the Diagrams 47 
and 47 bis, that it is for practical purposes adequate to add for Boys-11 and for Girls -10 to the Acuity 
of Vision as found from the Snellen type testing. The old scale curves are practically shifted 


* This is of some importance for the problem of whether excessive Hebrew study is the source of bad sight among 
the Jewish Boys. 


EUGENICS I, 1& II 16 
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vertically upwards to obtain the new scale curves*, and we have not modified the phenomenon 
of minimum acuity in the eighth to ninth years. 

Now it was not possible to test for vision all the younger children in the school, but we had 
hoped that the choice made of them would be a random one. If it was, the dip in the eighth to 
ninth years would have physiological importance, and it should repeat itself in our own more 
leisurely Special Eye Examination, where we were confident of having allowed the teachers on the 
whole series to make no selection of the childrenf. 

(b) Visual Acuity and Age, Special Eye Examination. The following table gives the data for 
monocular visual acuity in 1010 eyes, namely 505 Right and 505 Left Eyes. 


Table CLITI. Monocular Visual Acuity and Age. Boys. Special Examination. 


Central Ages in Years 
Visual 
Acuit: ea io) 2 a) ro) 20 oo 2 a ira) 2 ir) oe) Totals 
cna! © | # | 2/8 )/2/8)/28)8]8 fig || & 
Values | ™ 20 ow oe mo S =| a sc} pe SI a 
1-50 _— —_ _ _ 2 — — — 3 
1-40 — — — — 1 _ 3 — — 17 
1:29 1 _ — 4 1 6 2 12 5 9 4 _ — 85 
1-11 2 1 4 17 17 q 9 19 22 19 6 2 — 197 
91 3 1 1 6 4 16 10 15 7 50 26 5 8 242 
‘15 —_ 2, 2 5 5 65 9 14 8 17 4 7 — 117 
+58 — _ 5 1 8 1 12 9 10 17 4 3 ] 114 
37 — 2 2 3 6 5 3° 8 6 16 6 3 3 101 
+25 — — _ 1 3 3 1 2 5 5 4 3 — 48 
14 — — —_ 1 —_ 4 1 1 8 8 7 2 ] 50 
08 —_ —_— — — —_ 1 1 2 2 2 — — 1 18 
“04 2 _ — 2 _ 3 4 _ — 18 
Totals 6 6 14 38 46 48 48 84 74 148 68 18 14 | 1010 


The constants deduced from this table are the following: - 

Mean Vision: -7814 = 6/7-679. Standard Deviation of Visual Acuity: -3588. 

Mean Age: 12-2568 yrs. Standard Deviation of Age: 1-5511 yrs. 

Correlation Coefficient: — -0867 + -0211. 

Correlation Ratio: 7p, 4 = ‘017,827, 7,4 = ‘011,881 + -003,967; or y’,, 4 is not really signifi- 
cant; it equals -1335. 

Comparing these results with those for the general Medical Examination we see that the latter 
under-estimated the visual acuity, and over-emphasised the relation of Vision and Age. The vision 
falls to about the ninth year, then remains singularly steady till the thirteenth year, and falls 
smartly at puberty. The data suggest a cubic rather than a straight line: 

V.A. = +7876 — -002,222 (A. — 12-208) — -005,364 (A. — 12-208)?— -003,424 (A. — 12-208)8, 

The means of the arrays are: 


~ 


Peay Visual Acuity aye Visual Acuity 

8-362 ‘8073 12-208 *8405 
9-208 9295 12°708 “7876 
9-708 “7661 13-208 ‘7701 

10-208 “7842 13-708 “7593 

10-708 “7600 14-208 “7259 

11-208 +8307 14-708 5916 

11-708 7458 15.208; 14927 | “g5gq{ “6200 


* The shifted cubics give quite good graduation curves, i.e. 
Boys: V.A. = -7497 + -0220 (A. — 12-208) — -0080 (A. — 12-208)? — -00192 (A. — 12-208)8. 
Girls: V.A. = -6456 + -0556 (A. — 11-208) + -00260 (A. — 11-208)? — -00440 (A. — 11-208), 
ft The medical examination was designed to cover all the “entrants” and “leavers,” but it seems possible that 
the teachers sent up with the former class certain children not entrants about whose sight they wanted information. 
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Diagram 48 shows that the graduation is quite good, but it removes the drop in the ninth year. 
It would seem reasonable to suggest that there had been in the excess frequency in the Medical Ex- 
amination at 8-5 to 9 years an inclusion of boys with bad sight; see totals column, Table CLI, p. 119. 


From our curve we obtain the following system of visual acuity values to be added to the 
observed visual acuities at the stated ages in order to reduce the visual acuity to age 12. 


VISUAL AGUITY & AGE 


SPECIAL EYE EXANIINATION. ALIEN JEWISH BOYS 


e 


Visual Acuity Reduced to Working Seal 
Ordinary Visual Acuity 


38 9 40 44 42 43 14 45 
Age ir Years 
Diagram 48. 
Reduction of Visual Acuity to Standard Age 12 years. Special Examination. 
Age (years) Reduction Age (years) Reduction Age (years) Reduction 
7-5-8 — 2) 10-5-11 — :00 13-13-5 + -01 
8-8-5 —-14 11-115 — -00 13-5-14 + :03 
8-5-9 — 09 11-5-12 — 00 14-14:5 + -05 
9-9-5 — 05 12-12-5 + :00 145-15 + 09 
9-5-10 — -03 12-5-13 + :00 15-15-5 +15 
10-10-5 — 01 


It will be seen that from 10-5 to 13 no correction is needed, and these would be the best years 
for comparing the sight of different classes of children, or children in different schools or different 
localities. We have not made the above age corrections when comparing the influence on vision 
of various environmental and physical factors, as except for age 7 to 8 they are of small importance. 
They were, however, used in the correlations dealing with Hebrew study in Section E. 


16-2 
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(c) Age and Vision of the Left and Right Eyes separately. : , 
Although the visual acuity of Left and Right Eyes is very closely the same, it seems Aeatabie. 
to place on record the data for the two eyes separately. 


Table CLIV. Age and Visual Acuity. Right and Left Eyes. Special Examination. 


Central Ages in Years 
Central 
soul ye; egiegilalsisgisigisigis/si{s{eg {a ]g |tes 
cuities > a i aq is aq S a S a S aQ S a i a 
& oe) re) m pos) 3 } aa 4 a a oF 8 tH +H Ne) 
eS = al 4 eo eo a) oH qo re = 
L.| — — — — — — — — 1 — — — I 
ee Se ae eee eo 
: ~f — —_ — — — 4 2 — 2 — — 8 
AU ee ce eae) oe mel Salk ele ces Wee ae Mel CO ea eee i 9 
1-29 L.| — — _ 2 — 3 1 7 2 9 3 7 4 2 — — 40 
R. 1 — — 2 1 3 1 5 3 8 4 10 5 2 — — 45 
lll L. 1 1 1 9 9 | 8 4 8 ll 9 14 il 8 2 1 — 92 
R. 1 — 3 8 8 4 5 il ll 13 15 10 ll 4 1 — 105 
91 } L. 2 —_ 1 3 2 7 4 9 3 14 12 21 25 13 3 4 123 
R. 1 1 —_ 3 2 9 6 6 4 12 9 22 25 13 2 4 119 
15 L.| — 1 1 2 2 3 5 8 5 8 10 2 10 1 — — 58 
R.| — 1 1 3 3 2 4 6 3 9 10 7 7 3 — — 59 
58 L.| — — 3 1 4 _— 5 3 5 6 4 11 8 2 1 — 53 
R. | — _ 2 — 4 1 7 6 5 6 8 8 9 2 2 1 61 
37 L. _— 1 1 1 4 3 2 5 2 2 11 10 9 3 2 2 58 
R.| — 1 1 2 2 2 1 3 4 1 8 6 7 3 1 1 43 
25 L. —_ —_ — — 1 2 1 _— 3 1 2 8 3 2 1 — 24 
R. | — _ —_ 1 2 1 — 2 2 1 2 7 2 2 2 — 24 
1 4 L. | — — — I — 2 1 — 5 3 2 4 4 5 1 — 28 
RR.) — — — — — 2 — 1 3 3 1 4 4 2 1 1 22 
08 L. | — oo: — — — 1 1 1 1 _ 3 1 1 — — 1 10 
R.| — - — -- — — — 1 1 2 2 1 1 — — — 8 
-04 | L.| — — — — 1 — — 1 — 3 1 1 1 2 — -—- 10 
R. | — — — —_ 1 — — 1 _ — 2 —_ 2 2 — — 8 
Totals 3 3 7 19 23 24 24 42 37 55 66 78 74 34 9 7 505 
3 3 7 19 23 24 24 42 37 55 66 78 74 34 9 7 


Visual Acuity Mean, Left Eye ses ... °7627 = 6/7-867 Right Eye ... -8001=6/7-499. 
» Standard Deviation, Left Eye -3628 Right Eye ... 3539. 
It would appear from these results that the Right Eye has on the average the better vision“, 
but that there is very little difference between the variability of the two eyes. 
The correlations between age and either eye’s acuity of vision are: 
Left Eye ... — +0885 + -0298 Right Eye ... — 0849 + -0298, 
the mean of which, — -0867, is precisely what we have found by combining ‘the two series. The 
difference of mean acuity in the two eyes thus produces no sensible difference in correlation. This 
justifies combining Right and Left Eyes in a single table. 
(d) Binocular Visual Acuity and Age. Table CLV (p. 125) embraces our data for binocular 
vision and age. 
This table provides us with the following constants: 
Mean Binocular Visual Acuity: -9055. Standard Deviation of Visual Acuity: -3273. 
Mean Age: 12-1589 yrs. Standard Deviation of Age: 1-5887. 
Correlation Coefficient, Visual Acuity and Age: — -0929 + -0317. 
n'y. 4 = 021,858, but 77, = 026,966 + -007,215. 


* This is true for nearly every age array, i.e. ten out of the thirteen. Galton stated that his data showed no difference 


between the two eyes, Journal of Anthropological Institute, Vol. xIv, p. 286. This has been confirmed by a more elaborate 
recent rediscussion of his material. 
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7'*y 4 is less than 7y,, and therefore we could not predict from the data that n’;_, had any 
significance. The small but significant value of the correlation coefficient suggests that the value of 
n'y,4 = *1478 may be of some small importance. 


Table CLV. Binocular Visual Acuity and Age. Boys. Special Examination.* 


Binocular Central Ages in Years 
Visual ease 
Acuit o) rr) ee) o) oe 2) 2 rr) a) 2 od ee) 2 2 oO} @ ota. 
cm (2/2/2818 18/8/2818 218 2 /e]2)/2 12) 3 | 
Values * as = S = = oq oq a y = a x x s 
1-50 — 1 1 a | ees (eas 3 
1-40 eae eee eee en a ieee 3 2 i en lee ee 7 
1-29 Bi 1 2 2 3 3 | 10 4 | 6 | 12 6 on ee ee 64 
1-11 1 1 2 11 8 8 5 9 10 16 21 12 14 8 1 — 127 
‘91 1 1 1 2 4 5 8 10 3 13 12 19 15 8 —_ 4 106 
“15 — —_ 1 2 1 2 4 3 5 5 4 6 8 — 1 _ 42 
+58 _— —_— 1 1 4 1 3 2 2 3 6 5 9 1 1 —_— 39 
37 —_— 1 — — 1 2 1 2 4 _ 4 6 2 2 2 — 27 
+25 — — — 1 — 1 — —_— 1 — — 4 2 1 —_— —_ 10 
14 _ _— —_ — —_ 1 _ 1 1 3 1 1 1 —_ — 1 10 
-08 _: — — — — —_ — —_ —_— 1 3 1 1 —_ —_ _ 6 
“04 — _— — — — —_ _ 1 —_ —_— 1 — 1 1 — — A 
Totals 3 3 6 19 20 23 24 38 31 52 62 69 61 24 5 5 445 


The following are the mean visual acuities for the central ages provided. 


Central Age (years)| Visual Acuity || Central Age (years){ Visual Acuity || Central Age (years) | Visual Acuity. 


8-333 +9542 11-208 “9558 13-708 8615 
9-208 -9968 11-708 “8765 14-208 -9017 
9-708 -9270 12-208 ‘9571 14-958 -6960 
10-208 +8917 * 12-708 +9040 a ae oer 
\. . 5 +887: by 
10-708 9088 13-208 8874 Pop minaibi 9055 


It will be clear that at any age binocular vision is better than monocular vision (see p. 122). 


Diagram 48 (lower curve) shows changes of visual acuity with age. We have fitted a cubic to 
the results, i.e. : 


V.A. = -92007 — -01130 ( A. — 12-208) — -00932 (A. — 12-208)? — -00272 (A. — 12-208). 


Finally the corrections for reducing binocular vision at each age to standard age 12 years are 
as follows: 


Age (years) Reduction Age (years) Reduction Age (years) Reduction | 


7-5-8 - ll 10-5-11 — 00 13-5-14 + :05 
8-8-5 — -08 11-115 — -00 14-14-5 + 08 
8-5-9 — 04 11-5-12 — :00 14-5-15 +13 
9-9-5 — -02 12-12-5 + :00 15-155 + +19 
9-5-10 — 01 12-5-13 + 01 

10-10:5 — 01 13-13-5 + -02 


Here the only really significant corrections are at age 14-5 to 15-5. As our data for these 


categories are very spare, no age corrections have been made except in the case of Hebrew 
study in Section E. 


* As the bulk of the tables to follow are based on the Special Examination, we omit these words hereafter, only 
stating when we are dealing, as we do exceptionally, with the Medical Examination data. 
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(ii) Refraction Class and Age. The following table provides the observed data: 
Table CLVI. Refraction Class and Age. Boys. 


Central Ages in Years 
Refraction Class ey ee) ea) a) 2 a) a) oa) o2) a) 2 re) 2 T 
Seles F/212/8/2)/28/28/2)/28 18) 2) 8 | 
ele le!/e)/e elelai;a l/s ls |e /ei/2)2/38 
Normal 6 | 3 | 10 | 30} 28 | 27 | 32 | 43 | 34 | 62 | 77] 87] 85| 30] 6 | 7/| 567 
Hypermetropia _ — 1 —|-j- 5 2 4 4 8 4} 13] 17 6 | — 3 67 
Hypermetropic Astigmatism —}—}]—]t— 6 2 5 7 6 3 ll 10 8 5 2 4 69 
Mixed Astigmatism ... —|—- 1 4 1 3 2 1 1] —]— 13 
Myopic Gi eeseuacn —}—}]—]— 1 1 3 5 | — 3 5 8 7 4 2/— 39 
Myopia i —f—]J-|]- 3 5 4 | 16 6 | 17 20 | 26} 24) 14 4 2 141 
Potalg” dase: 3% 6 | 4 | 10 | 30 | 38 | 40 | 46 | 76 | 54 | 94 | 120} 146] 142] 60 | 14 | 16 | 896 
The mean ages of the several refraction classes are: 
Normal . ane — ws 12-1254 Mixed Astigmatism ... 12-5160. 
El pervio opin Sas 12-7829 Myopic eee ies 12-7211. 
Hypermetropic ee re 12-4692 Myopia .. ; ce 12-7296. 
Whole papuldtion ee tes 12- 3277. ° 
Standard Deviation of Age ... 1-4899. 


Correlation Ratio of Age on Refraction Class: yn’? = -013,582, 7? = -005,580 + 002,371. 

Thus the difference between 7’? and 7 is more than three times the probable error, and may be 
considered as significant. The value of y’ is -1165, small, however, if sensible*. 

Diagram 49 indicates the nature of the changes with age, which may be summed up as follows: 

(a) Myopia increases with age. 

(b) Mixed Astigmatism tends to increase up to 11 years and then to decrease and ultimately 
become steady in amount. 

(c) Hypermetropic Astigmatism probably remains fairly constant after 9-5 years but may 
tend slightly to increase from 14 to 15. 

(2d) Manifest Hypermetropia tends to increase from 9-5 to 13 years, but may remain constant 
after this. 

The general result is that there is a rapid increase in the ee lanes of eye anomalies up to 
11-5 years of age. From 11-5 to 13-5 there is, however, an almost stationary condition of the 
anomalies involving Myopia, only Hypermetropia (without Astigmatism) tending to increase. With 
the oncoming of puberty there is, however, a serious increase in the total percentage of eye 
anomalies. These new results are in very reasonable accord with the conclusions drawn by 
Amy Barrington and one of the present authors when discussing the Edinburgh C.O.S. dataf. 
There the amounts of Myopia, Myopic Astigmatism and of Mixed Astigmatism remained nearly 
constant from 74 to 124 years. Then with the onset of puberty Myopia and Hypermetropic 
Astigmatism markedly increased, while Hypermetropia, if anything, decreased. The increase of 
normal vision in the Scottish Children from 6 to 10 finds no equivalent in the Jewish Boys. There 
is, however, a rise in the normal class at 12-5 due to a reduction in the amounts of Mixed and 
Hypermetropic Astigmatism. Examining Table CLVII it seems highly probable that the 10-0 % 
of Hypermetropic Astigmatism and 3-8 % of Mixed Astigmatism at age 11 to 12 are merely 
coincident excesses attributable to random sampling, and that there is actually a continuous fall 


* We note again how a relatively small 7 shows exaggeratedly on a percentage table. 
+ Amy Barrington and Karl Pearson: “ A First Study of the Inheritance of Vision and of the Relative Influence 
of Heredity and Environment on Sight, ”” Hugenics Laboratory Memoirs, No. V, Cambridge University Press, pp. 30-31. 
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Table CLVII. Refraction Class and Age. Percentages of each Refraction Class with Age. 


.. | Hypermetropic Mixed Myopic ‘ Number 

Age Normal | Hypermetropia | Astigmatism | Astigmatism | Astigmatism Myopia Observed 
Under 9 95-0 5-0 0-0 0-0 0-0 0-0 20 
9-10 85:3 0-0 8-8 0-0 15 4-4 68 
10-11 68-6 81 8-1 0-0 4-7 10-5 86 
11-12 59-2 6-2 10-0 3:8 3:8 16-9 130 
12-13 65-0 5-6 65 1-9 3-7 17-3 214 
13-14 59-7 10-4 6-2 1-0 5-2 17-4 288 
14 and over 47-8 10-0 12-2 1-1 6-7 22-2 90 
All ages 63-3 75 V7 1-4 4-4 15-7 896 


in the amount of Emmetropia in the Jewish PERCENTAGES IN EAGH REFRACTION GLASS & AGE 
Boys. In this case these Jewish differ essentially . ALIEN JEWISH BOVS 

from the Gentile children; they would indicate a 
continuous increase of eyeanomaly with age,and ‘°° 
we think this is the general interpretation to be 
put on Table CLVII. It is to be noted, how- 
ever, that both Jews and Gentiles show no : : 
increase in Myopia and Myopic Astigmatism . hag 
during the years from 10-5 to 13-5 which might 5 erent 12g 
be considered critical years of school life. Our . 

new data confirm the old, in the view that the 

school cannot be looked upon as the forcing 
house of Myopia. They accord much better with 
the view that Myopia is a growth product of the 
early years of childhood and of the oncoming of 
puberty. It is these years which are marked by 
the large increases of Myopia*. 

It must be emphasised here that when we 
speak of the “increase of Myopia” we mean the EME TS e 
increase in the numbers recorded as Myopic, 
the intensity of the Myopia in the individual is 
not under consideration: whether that intensity 
increases or decreases with age will be con- 
sidered in our section on General Refraction 
and Age. 

(iii) General Refraction and Age. Table CLVIII 
provides our data. For statistical purposes the 
chief objection to it is that more than 49 % of 8 ; ae ee - 7 sd 
individuals lie in the zero refraction group, but ae 
ill-balanced grouping occursin nearly allophthal- 
mological measurements as at present taken; they are not fine enough for anthropometric 
and statistical purposes. 


Percentages 


Diagram 49. 


* Some of the great increase of Myopia-in the early years of childhood may be apparent only, being due to the 


greater difficulty in measuring the refraction in young children, but we doubt if anything like the whole increase can 
be due to this cause. 
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The constants of this table are: 


Mean Age ... es 12-3277 yrs. Mean Refraction sea sed + -0933 D. 
Standard Deviation: ore 1-5324 yrs. Standard Deviation: Refraction 1-5621 D. 
Correlation Ratio, Roteaction on Age: 7 = -017,605, 7 = 013,393 + -003,662. 
Correlation Coefficient, Refraction and Age: r = — -0435 + -0225. 


It is clear from these results that there is, whether judged by 7’ or 7, no sensible relation between 
General Refraction and Age. This may appear a priori to contradict the results of the last section 


Table CLVIITI. General Refraction and Age. 


Central Ages in Years 
General : 
Refrectin] 2 | 2 |g ]/efilefl[e|e|el/ei[/es;eg|elel]e]s [es |rots 
in Dioptres| © A S a = a & a x a eS R a & a 
i rea) ee) & 3} } = 4 a a oF oO +H =) io) 
pas — a o a —_ ey 4 can] rom on 
+ 6°75 —|/— —{|— 1 — — — — — — 1 
+ 6-0 _ _— —_ —_ —_ —_ 1 —_ —_ — — —_— 1 — —_ 2 4 
+ 5:25 _ _ —_ — 1 _ _— —_ _ —_ — 1 2 _— — —_— 4 
+45 —!— —|— — — — — — I 1 1 — — — — 3 
+ 3°75 _ _ _ _— 1 0-5 2 — — 2 1 4 4 — coed 1 15°5 
+ 3-0 —_ — —_ _ 1 0:5 1 2 2 _ — 2 1 — _ —_ 9:5 
+ 2-25 — 1 —|— 2 3-5 3 4 3 2 2 1 3 6 1 1 32-5 
+15 —|— —{j— —_— 1 — 2 7 4 2 3 2 2 1 1 25 
+ +75 _ 0-5 4 2 3 5-5 — 8 6 13 34-5 | 44-5 | 42 18 2 4 | 187 
0 6 2-5 6 28 25 | 23 35 40 29 54 | 53 57-5 | 56 175 5 5 | 442-5 
— +15 — — — —_— 4 1 3 13 5 10 10 14-5 | 13 9-5 1 _ 84 
—15 —}]— —!|— —_ 1 1 3 1 1 -| 75 75 75 3 2 ~- 34:5 
— 2:25 — — —}|— — 3 — 1 1 2 4 “7 2-5 2 2 — 24-5 
— 3-0 —{|— —}— — — —_ _— _— —_ 3 — 4 —_— — —_ 7 
— 3°75 —/— —|— — : aa I — — 2 1 3 — = 1 8 
— 45 pang bees oil] a = —= = 4 = = = — = _ —_ oa 7 
— 5-25 —|— —|]— —_ 1 — 2 —_— 1 — 2 — — b 7 
— 6-0 —-|!|— — — —_— —_— —_ —_ — 1 — — — — —_— a 1 
— 6-75 — — —|/— — _— —_ — —_ 3 — — 1 — — — 4 
atV OTE Ip etal tees aon Nt See. ice, ee Hee Mh cee | NP eer | ees etn ll ae ent | i 
216-76 | = | ff Sp ee fh ee pe | ee ep ep Sp 1 =e 1 
Totals 6 4 10 30 38 40 46 76 54 94 | 120 | 146 | 142 60 14 16 | 896 


on Refraction Class, where we found that the relative numbers in each class were affected by age. 
But while the bulk of the negative refractions correspond to Myopia, and those of the positive 
refractions to Hypermetropia, this table and Diagram 50 really answer a different problem. There 
we are considering whether the number of myopes increased with age. Here we are considering 
whether the average value of the refraction in the Jewish Boy population tends to be either more or 
less negative with age, and the answer is that it does neither. This is clearly indicated on the diagram 
as well as in the measures of correlation. The two statements are quite compatible, if any one 
of the following hypotheses be confirmed: 

(a) Manifest Hypermetropia and Myopia both increase in intensity with age and agarly equally. 

(b) Myopia as well as manifest Hypermetropia tend to decrease in intensity with age, but the 
number of persons with anomalies tends to increase. 

(c) Of the two anomalies one decreases and the other increases with age, but the decreasing 
one occurs in an increasingly larger number of individuals than the increasing one. 

We have investigated these possibilities, and find that it is the last alternative which corresponds 
to the facts. The intensity of Myopia increases with age, the intensity of Hypermetropia decreases 
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with age; the numbers of children who have manifest Hypermetropia and Myopia both increase, 
but the number of Hypermetropic children is not only at every age greater than the number of 
Myopic, but increases with age at a greater rate. This is clearly indicated in the accompanying 
table and will be seen graphically in Diagram 50. 


GENERAL REFRACTION & AGE 
ALIEN JEWISH BOYS 
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Diagram 50. 


The regression of refraction on age is essentially zero, for the increasing number of myopes with 
an increasing intensity of the anomaly is balanced by a larger increasing number of children with 
Hypermetropia, who have, however, a decreasing intensity of this anomaly. 

We have taken plus refraction roughly to represent the prevalence of Hypermetropia and 
minus refraction that of Myopia, without making finer distinctions. 


EUGENICS II, I & II 17 
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(iv) General Astigmatism and Age. Table CLX contains our data. It will be seen that, as in 
the case of General Refraction, the frequency for statistical purposes is inconveniently crowded 


Table CLX. General Astigmatism and Age. 


General Central Ages in Years 
Fes karts 
in Dioptres. fora) foe) oo for) [o'e} fore) ie) fora) eo oe fora) (ee) fore) oo 
Cam ce (pe toe) eee Ce ice eS hee bes | ee es 1S Se ne 
Wales 1A | Perth Bee ees ES dee cee Nn ese et a eae Rae a ol oa 
+ 3:0 a Pee [fer o5 | — = =4 at = ss a a ee ; 
+ 2°25 —{j—-|-|{- _ 05) — _ _ —_ — I — — {|o|—- 1B 
+15 a S| ee _ 0-5 1-5 2; — |—j— 4 
+ 0-75 —-}—-]—-]- 1 1 _ 2 3 5 16-5) 12:5; 18 15 | — 1 56-5 
0-0 6 3 8 | 30 26 | 35 33 54 40 72 85 99 109 | 43 8 9 | 660 
— 0-75 — 1 2; — 5 1 9 12 4 14 10-5 | 17-5 11 8-5 3 2 | 100-5 
—15 —t|—-—f}-|—- 2 _ 2 _ 4 _ 3-5) 4:5 3 4 1}; — 24 
— 2-25 —}|—-|]—-)|]—- 2 15 2 4 2 3 2 5 2 3 2 1 29-5 
— 3-0 —-/|—-—-|-|]—- _ 05} — 2 — _— — 4 _ —_ —|— 6-5 
— 3°75 ag | eas ees 2 1 — 2 1 2 _— —_ 1 9 
~ 4:5 2 — _— I 3 
— 5:25 — _ _— _ — —_ _—- 1 1 
Totals 6 4 10 | 30 38 | 40 46 76 54 94 | 120 | 146 142 | 60 14 | 16 | 896 


into the zero category. The constants of the distribution are: 


Mean ... a ass Age: 12-3277 yrs. 
Standard Deviation ... »  1:5324 yrs. 


Product Moment Correlation: 
r= — 0188 + -0225. 
Correlation Ratio, Astigmatism on Age: 
n’? = -029,268, 
7 = 013,393 + -003,662. 

As for General Refraction, the correlation 
coefficient is zero having regard to its probable 
error. Diagram 51 confirms this result graphi- 
cally; at all ages, except 9-71, the mean Astig- 
matism is below —-5 and never positive. We 
can conclude therefore that there is practically 
no change in the general population of Jewish 
Boys with age. At the same time »”, if small, 
still appears to be significant having regard 
to 7. The diagram might suggest that the signi- 
ficance of 7’ depends on the smooth bend of the 
curve between ages 11 and 13. If, however, we 
study the means at the various ages, paying 
attention to their probable errors, we find: 


Astigmatism: — -2193 D. 
-7478 D. 
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GENERAL ASTIGMATISM & AGE 
ALIEN _ JEWISH ‘BOYS 


Omatism in Dioptres 


General Asti 
3 


Age in Years 
Diagram 51. 


Mean General Astigmatism at each Age. 


Age in Years Mean 
8-31 — 1125 D. + -1128 D. 
9-21 -0000 D. + -0921 D. 
9-71 — -5132 D. + -0818 D. 
10-21 — -0563 D. + -0798 D. 
10-71 — 3098 D. + -0744 D. 
11-21 — :3947 D. + -0579 D. 
11-71 — 2778 D. + -0686 D. 


Age in Years 


12-21 
12-71 
13-21 
13-71 
14-21 
14-97 


All Ages 


Itt 


0520 D. 
0460 D. 
0417 D. 
0423 D. 
0651 D. 
-0921 D. 


0168 D. 
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Only the values at central ages 9-71, 11-21 and 13-71 can be considered to differ significantly 
from the population mean, and as these are irregularly distributed, it does not seem possible to 
base any statement upon them. We cannot adopt the same method as we applied for General 
Refraction, because the cases of Astigmatism against the rule are too few to provide reasonable 
means. We did, however, compute the means for Astigmatism with the rule and found: 


Mean Astigmatism Aid Mean Astigmatism 
with the Rule ge in Years with the Rule 


Age in Years 


Under 10 — 1:6071 D. 12-13 — 12107 D. 
10-11 — 1:2422 D. 13-14 — 1-4325 D. 
11-12 — 15726 D. 14 and Over — 1-6227 D. 


General Mean: 1-4395 D. 


It is clear from this table that there is no regular and sensible increase of Astigmatism with 
the rule with increasing age, and accordingly since General Astigmatism shows no such change, 


Table CLXI a. Corneal Refraction and Age. (Observers A, B, and C.) 


Corneal Refraction, Central Values in Dioptres | 
Central 
Ages Ne} uw Ne) 1D 1D Ne) ile) Ne} Ne} 1D wD 1D Ne) 1D le) wD wD ie) wD w» =| Totals 
nvon |S/S/S/8/8/S8/S (S/S (8/8 1s s/s sisi sis isis 
ZiISiSlis; SlSalalai Al seayl~R@<l~sey~sl~sPlP alesis; aypals 
7-708 —}—-yrorft- 2 2);—;,—-]— 1 1 — f—]— 6 
8-208 —}—{]—};/—|—}]—}—-]—-] - 2 1] — 1; —]| 2 6 
8-708 2/;—|— 3 2 2 I 2/1 1} — |] —}J—j— 14 
9-208 —_—|-— —_ 1 —_—|— 1 4 8 5 4 3 1 3] 3 1 —{— 36 
9-708 —|—-—|— 1 2 3 2 6 6 5 3 7 8/2 }—/ 1 —}|—]J— 46 
10-208 — —}|—]— 3 4 6| 10] 12 5 | 2 2| 4 —/—|—- 48 
10-708 a a PS | | 2 4 1 6 4 3 9 5 5 4 3] 2 —|—-|]— 48 
11-208 —|—J|1li— 2 — 3 6 ll 8 6 ll 18 6 7 1} — 2 —|— 82 
11-708 _— 1 3 5 9 5 14 14 7 6 2 —| 6 2 1 | — 74 
12-208 —|—|—}|— 2 4 10 3 12 13 14 ll 16 | 14 4 6] 2 1 —}|— 112 
12-708 —;—|I1 4 2 3 3 13 ll 10 14 21 10} 12 | 11 9; 55) 2:5) — | — 132 
13-208 1|/—]|1 2 7 7 9 6 12 9 26 12 17 | 14 | 11 8 | 8 3 lj — 154 
13-708 SS) | |e. 2 1 9 5 12 18 15 20 | 24 | 12 95/13 | 95) I 1 2 154 
14-208 —}—|—j—- 3] — I 6 5 4 3 7 | 10 7/5 |—j 5 — }|—|— 56 
14-708 —|—|—-|]— 1 —_ 3 2 2 2 — 2 2 2 2 —_ 18 
15-208 —|— —;|—|— 3 1 3 1}/— | 2 4) 2 —}—|— 16 
Totals | 1 | —| 4] 7 | 20 | 21 | 50 | 49 | 90 | 95 |} 120 | 132 | 185 | 96 | 655) 51] 48 | 12-5); 3 | 2 | 1002 
Table CLXI s. Corneal Refraction and Age. (Observers A and B only.) 
Corneal Refraction, Central Values in Dioptres 
Central 
Ages 2 |e 119 | ww | w 19 ye) Ye) Ne 19 19 19 fe Ne » | 210 | 19 @ 129 | 9 
wee (SISIS(S/S |S 1S | 8/8 S/S (B/S lS S/S) 818 18) sj 
2olalrala|! ¢ } “4 ~ ay a 34 4 + = ® | 2 | oe fe ts 
a | 3 | 3 | oS | mH + + + + wl st at a ee a ft | a 
7708 | — |= |e fh) Se ee Pe eS ee 2 
8-208 —f—]|—J—tr om foyer yt el 2/—{/—-t]-j;- 2 4 
8-708 —|;—|—-—|—- — | 2 —f—fJ-][- 2 
9-208 = ee a lee oe es 6 
D708: | se ee mefeedia” een | a YTS ae cee apie Poo Os pearl aap —| 10 
O:D08.- Uk ce ee fete ieee | need ee al ee eae en ape gn er Gl ean Gece eas ceca 
10-708 —{—;J—Jm} oye} om ye ae yp ce te et ae dt ce es ed _ 
11-208 —{|—|-|—- I}—]—]J—- 2 1} 1 3 4 5 1 — 18 
11-708 —f—|—-}—-}—-y rte 1 3 2 3 5 3 1} —j/}—| 4 I 1|— 24 
12-208 S| 1} — 1 1 1 2 2 2 6 | 12 2 1} 2 1 —|— 34 
12-708 rere cass] Neenah amos leo 1 1 4 4 3 8 | ll 5 7 9 | 2) 25) 25 | — | — 60 
13-208 Le eS | 4 3 1 3 3 4] ll 8 9 7 4; 5/ 5 | 3 1|— 72 
13-708 —;—|]—|]-!]!—]—] 3 — 4/10 |] 12] 15 | 21 7 7 |) 11) 8 1 1] 2 102 
14208 |—|/—/—/—/ 2/|—|—| 3] 4] 4] 3] 56] 6] 4/ 4/—/| 5 |—{—/—] 40 
14-708 | —|—j,—|]— 1} —] — 1 2 2/—];—|]—-—|-— 2;/—};—}]—-]—-—|]— 8 
1208 |—|—;—/—|—/|—/]—f|—|/—/ 3] 1] 3] 1/—] 2] 4/2 |—|—J]—|. 16 
Totals 1/—j|—}]—}] 10 4 9 13 24 35 42 57 60 | 48 35 | 24 | 30-5) 85 | 3 2 406 
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we may assume that Astigmatism against the rule also remains constant. We conclude that there 
is very little, if any, change of Astigmatism in these Jewish Boys from ages 8 to 15. 

(v) Corneal Refraction and Age. Tables CLXI «a and CLXI B (p. 181) give our data for Corneal 
Refraction and Age. Here to satisfy ourselves as well as the reader we have first treated our material 
including the three observers A, B, and C, and then we have taken A and B’s determinations 


DEGREE OF CORNEAL ASTIGNATISII 


& GORNEAL REFRACTION _& AGE 
ALIEN _JEWISH_BOYS 


Degree of 
Cornesl Asti6bmotism 


So 


43 


Corneal Refraction. 


Age in Years 


Diagram 52. 


Constants of Tables CLXI 4 and CLXIB (p. 131). 
Observations of A, B, and C Observations of A and B only 


Mean Age ate ar ass 12-2542 yrs, 12-9029 yrs. 
Standard Deviation for Age iss eee 1-5451 yrs. 1-3750 yrs. 
Mean Corneal Refraction ... oot a 43-468 D. 43-885 D. 
Standard Deviation for Corneal Refraction 1-5508 D. 1-5168 D. 
Product Moment Value of Correlation see 0027 + -0213 0342 + -0334 


: ; is Ye 017,543 018,934 
Correlation Ratio, Corneal Refraction on Age ue -011,976 + -003,260 -022,167 + -006,872 
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only. We place the constants for the two distributions side by side; but they lead to the same 
conclusion, namely, that Corneal Refraction does not change sensibly with age. 

While C’s observations were thus for somewhat younger boys, there is very little difference in 
the two sets of observations in the mean Corneal Refraction or its standard deviation. The correla- 
tion coefficient is not significant in either set, and the values for 7” are not significant relatively to 
those for 7? in both. We are therefore compelled to assert that the mean corneal curvature of the 
eye remains sensibly constant from 8 to 15 years of age. It would be of great interest to test this 
by measuring the same children during their whole school career. 

The constancy of a character for all ages in a given population does not necessarily prove, 
although it suggests, its constancy in the individual, for individuals may grow in opposite senses, 
and the combined results give nearly a balance for the whole population. 

The lower part of Diagram 52 shows how little Corneal Refraction varies with Age. As far as Corneal 
Refraction is a part of General Refraction the present results confirm our conclusions for the latter. 

(vi) Corneal Astigmatism and Age. When we turn to this optical character we see how widely 
divergent are the observations of C from those of A and B. In no less than 321 out of 596 cases 


Corneal Astigmatism and Age. 
Table CLXII a. (Observers A, B, and C.) Table CLXII B. (Observers A and B only.) 


Age in Corneal Astigmatism in Dioptres Corneal Astigmatism in Dioptres 

com f~| 2] >|] 8 Sloi/Blel8le [PM olele]e#le {8 lel2]~2]a ir 
Values| “| | © 3} } a |e lo | om | w]e] Sd alo/]s6 } a | op | of | 

I | I + + oe a A | | + + ae Those? | fest [took ab ate 

7-708 | —|—| — 4 2 —|{—j-—-}]—-—-|}-—j}—t]— 6;/—;—| — 2) —}—]—J;J—-|—-—|— 2 
8-208 | — | —} — 2 4 — |}—} —y—] - i I 6;—|— 1 3) —{|[—}—|o-—-}-—-J|— 4 
8-708 | — | — | — 6 5 I 2/—{;—|/—|]J-—|—- 14]}]—|]—] — 1} — I1}—|;—|—|— 2 
9-208 | — | — | I 17 | 13 2 3/—/—|—]J—-I- 36} — | 1 1 4}/—}]—J—/;—]—|]—- 6 
9-708 |—|—] 1 26 | il 3 3/—|] 17, 1])/—]— 46/—] 1 3 4/—}]—fJ—] 1], 1]— 10 
10-208 | —|—|— | 23] 16 2 4/ 2}/—];—]1)j— 48 | —| — 2 2 2 1}—|;—/;—]1 8 
10-708 | — }— | — | 22] 19 5 2/—/—;—]—j— 48};—}—|/—}]—]—]—J]—J]—-|-|]— 0 
11-208 | — | — | 2 46 | 21 2 6] 5/1/—J]—|— 82 |— | 2 6 5 1 1} 3 )/—/;—f— 18 
11-708; 1 | 1 | — | 27] 27 9 6/ 1/2/—];J—]— 74)—|;— 5] 10 3 5{—|1)—|—] 24 
12-208 | — | — | 1 60 | 37 8 4) l1j—;—J]—J| 1 112};— | 1] 10] 17 2 3] 1/—|]—j,—| 34 
12-708 | — | 2 | 3 56 | 53 8 8) 2;—;—|]—]—] 182] 1 3] 15) 29 5 6/ 1)/—]/—|— 60 
13-208 | — | — | 5 50 | 69 19 3/ 4/2) 1 ]1)]—| 164]/—]} 5] 20] 37 6 2/—;,2)—|]— 72 
13-708 | — | 2 | 45] 55] 71-5) 11 7/ 1/1) 1)]—J—J| 64] 2) 2] 29) 53] 1o 3} 1), 1] 1 )—yY 102 
14:208; — | 2 | 1 22 | 25 I 3/ 2}/—/—|]—|— 56 | 2 I 7 | 24 1 3) 2)/—|/—|—] 40 
14:708 | — | — | — 7 6 3 2/—/~—i—]—|— 18 | — | — 3 3 2/—|—yj—|-—|]— 8 
15-208 | — | — | — 7 5 —}—!} 17 1 f—];2t— 16 | — | — 7 5{/—}—f,1j,1};—]} 2 16 
Totals | 1 7 | 18:5 | 430 | 3845; 74 | 52) 19 | 8 3 4 1 | 1002] 5 | 16 | 109 | 199 | 32 25 9 6 3 406 


C made the radii of curvature of the eye equal in the two principal planes. It is possible that 
having found the eye to have nearly normal vision, he did not observe with adequate accuracy the 
second radius of curvature. A and B found only 27 % of equal radii, while C found 54 %, ive. 
double the number. Some such result as this would be reached, if C had neglected his + -5 
readings in the neighbourhood of zero, so that they were classified with 0 rather than in the °75 
group. It seemed essential accordingly to keep the observations of A and B apart. 


Constants of the Distributions for Corneal Astigmatism. 
Observations of A, B, and C Observations of A and B only 


Mean Age ass aa ats as oe 12-2542 yrs. 12-9029 yrs. 
Standard Deviation for Age aes oat wee 1-5450 yrs. 1-3750 yrs. 
Mean Corneal Astigmatism she oe Se -6160 D. -7592 D. 
Standard Deviation for Corneal Astigmatism _ +8597 D. -9343 D. 
Product Moment Value of Correlation oe eas + 0404 + -0213 — 0467 + -0334 


2 : . 
Correlation Ratio, Corneal Astigmatism on Age} 7, ene + -003,257 eine + -006,880 
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It will be seen that the inclusion of C’s observations reduces the mean Corneal Astigmatism and 
its standard deviation, because it heaps up the frequency in the zero group. In neither set is the 


coefficient of correlation of any significance, 
nor is the correlation ratio significant in the CORNEAL ASTIGMATISM & AGH 


possibly more reliable observations of A and AMEN JEWISH BOVS 
B. It is just significant when C’s observations 
areincluded. But an examination of Diagram 
52 (upper figure) shows that there is really no 
continuous change of Corneal Astigmatism 
with growth when we combine C with A and 
B. Diagram 53 shows how little change there 
is with growth even when we use only A and 
B’s records. There is thus small doubt that 
Corneal Astigmatism does not increase be- 
tween the ages 8 and 15 in the population 
considered. It would not seem therefore that 
the curvatures of the cornea are modified 
by prolonged school work. 

(vii) Near Point and Age. Our data are presented in Table CLXIII and the constants are as 
follows: 


Corneal Astigmatism in Dioptres 


Age in Years 
Diagram 53. 


Mean Near Point* ... 93-1445 mm. Standard Deviation ... 20-2595 mm. 
Mean Age oe nv 12-0338 yrs. Standard Deviation... 1-5312 yrs. 
Product Moment Correlation vat — -1099 + -:0240. 


Correlation Ratio, Near Point on Age: 7” = -029,152, 7? = 015,625 + -004,399. 

Thus, whether we take the coefficient of correlation or the correlation ratio, there is a significant 
if not very large association between Near Point and Age. Generally the coefficient of correlation 
shows that the distance of the Near Point decreases with Age, but the values of the means at each 
Age as well as their graph suggest that the distance increases up to between 10 and 11 years of 


Distance of the Near Point at each Age. 


Age in Years | Near Point in mm. Age in Years Near Point in mm. 

8-340 94-091 12-208 91-511 

9-208 96-842 12-708 92-139 

9-708 94-000 13-208 93-459 
10-208 96-528 13-708 88-854 
10-708 102-826 14-208 91-979 
11-208 95-338 14-958 85-000 
11-708 90-803 

All years 93-1445 


age and then begins slowly to decrease (see Diagram 54, p. 136). Accordingly the data were fitted 
with a cubic. Its equation is: 

N.P.D. = 93-5079 — 2:27710 (A. — 12-208).— -19780 (A. — 12-208)? + -08800 (A. — 12-208)%, _ 
where N.P.D. is the Near Point Distance in mm. and A. the Age in yearsf. 

If we may lay some stress on this graduation the maximum distance of the Near Point would 

* Frequently taken as 110 mm. in Western European Races. Our Anthropometric Laboratory data give for Jewish 


Students: 126-9 mm. 
+ Or multiplied out: N.P.D. = — 68-29418 + 41-89974 A. — 3-42079 A? + -08800 A.?. 


Table CLXIII. Distance of Near Point and Age. 
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be reached at about ten years (9-927) and its minimum or the region of horizontality at about 
sixteen years (15-989), or roughly soon after puberty. The total range in Near Point with Age as 
indicated by the cubic is from 96-63 at maximum to 86-83 at minimum or 9-8 mm. But the 
average variation as given by the array standard deviation at each age is 20-1379 mm., the general 
standard deviation being but little reduced by such a small correlation as -1099. Accordingly 
the entire range of change in the distance of the Near Point with Age is only about one-half of the 
individual variation, or roughly only one-twelfth of the individual range at any age, and is from 
the anthropometric standpoint of slight importance. 


POSITION OF NEAR POINT & AGE 


ALIEN_JEWTSH_ BOYS 


Position of Near Poict in MN. 


Age iz Years © 
Diagram 54. 

(viii) Indea of Sunken Eye and Age. In our Section G, wherein we deal with the correlation 
of ocular with certain anthropometric characters, we shall have occasion to deal with several head 
measurements and: their indices. Of these it is known and has been shown elsewhere that the 
familiar cephalic indices do not change with age and need not therefore be considered here. 
Among them are two less familiar to the anthropologist, i.e. the index of the Sunken Eye and 
the Interpupillary Index (for definitions, see our p. 118), and the influence of growth on these 
will now be considered. Table CLXIV (p. 135) presents our data. 

The constants of this table are as follows: 

Mean ... ‘ae ive Age: 12-2730 yrs. Index: 89-6913. 

Standard Deviation ... Age: 1-5552 yrs. Index: 2-9480. 

Product Moment Coefficient of Correlation: — -1375 + -0291. 
Correlation Ratio of Index on Age: 7” = :038,777, 7 = -023,166 + -006,224. 
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The correlation coefficient is definitely significant; the correlation ratio is possibly just significant ; 
we should have for its uncorrected value* 7’ = -1969. Diagram 55 shows the change of the Index 
of Sunken Eye with Age. This diagram and the value of 7’ may suggest that a cubic (as in the case 
of the Near Point) showing a rise about 10-11 years of age, then a fall with a final trend to the 
horizontal after puberty, would best graduate the data. We have contented ourselves, however, 
with the graduation of the regression straight line, because our numbers are so very inadequate 
before eleven years of age. The main point to be noted is that though the correlation is significant, 


INDEX _OF_ SUNKEN EYE & AGE 
ALIEN JEWISH BOVS 


Index of Sunken Eye 


8 9 40 4 42 43 i4 45 
Age in Years 
' Diagram 55. 


it is not of an order which renders correction for age essential. Corrections for age are of small 
service until a correlation of at least -25 or over is reached. It is the old tale that you cannot 
learn much of a man’s physical or psychical characters from an acquaintance with his second 
cousin (correlation r = -125 about). 

(ix) Interpupillary Index and Age. The reader will remember that the Interpupillary Index 
measures the percentage that the interpupillary distance is of the parietal breadth of the head. 
The small average value of this in the Jewish race (about 40 %) suggests that relative to their 
breadth of head the eyes in the Jews are closely set. Table CLXV provides the measurement of the 


* The correction would be very small as 7’ is based on as many as thirteen arrays, 
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Table CLXV. Interpupillary Index and Age. 


Central Values of Interpupillary Index 
Central 
= je¢fi/alasts)a)s leiess/a]3f3a/e)/a]s | [t- 
mveorml se 1s /ei/s/ei/sas;/s{/s/a/sa]}/s]}/a)/a;,s )/3] 8 
7708 — 1 _— — 1 — 1 _ _— _— _— = = <= _ — 3 
8-208 _— 1 —_ — 1 — 1 — — — _ _ —_ — _ — 3 
8-708 _— — 1 1 3 — 2 1 — _ _ _ _— _ — — 8 
9-208 — 1 1 3 3 3 1 3 2 1 — _ _ _ _ — 18 
9-708 — 1 1 1 6 2 4 4 1 2 —_ —_ — _ _— — 22 
10-208 _ _— 4 3 3 1 6 2 3 —_ _ 1] — — —_ — 23 
10-708 _— — — 1 1 7 5 5 1 2 _ 1 _ — _— — 23 
11-208 _— _ 2 5 6 11 7 4 2 2 2 _ 1 _— — — 42 
11-708 | — | — 1 4 2 | 13 5 5 3 a eee een ae ee ees 36 
12-208 —_— 1 4 2 13 6 9 10 6 5 —_ 1 1 _— — — 58 
12-708 2 2 3 10 13 13 il 7 2 1 2 1 1 — — 1 69 
13-208 1 1 2 5 14 16 14 9 9 5 1 _ — 1 — — 78 
13-708 | — 1 4 | 10 | 22 9 | 16 7 6 To ee Pee es ae 17 
14-208 | — 1 3 7 4 5 6 sail 2) = 1 aS eee eee 32 
14-708 | — | — | be 1 1 Be | eet 1 ay ne ee eee aan (een 9 
15-208 _ —_— 1 — 2 1 2 1 — 1 _ 8 
Totals 3 10 30 52 95 88 92 61 36 26 5 5 3 2 


Interpupillary Index on 509 boys. The following are the constants of the frequency distri- 


bution: 
Mean ... vet is Age: 12-2780 yrs. Interpupillary Index: 39-8115. 
Standard Deviation ... Age: 1-5435 yrs. Interpupillary Index: 2-1962. 


Product Moment Coefficient of Correlation: — -0106 + -0299. 
Correlation Ratio, Index on Age: 
7’? = 036,048, 7? = -023,576 + -006,332. 
It will be seen that there is no significant: correlation coefficient, nor can »’* be considered to 


differ with definite significance from 7. But Diagram 56 does suggest that there is a continuous 
change of Index with Age; considering the size of the subrange frequencies, there is considerable 
smoothness in the run of the observations and they graduate well with the second order parabola: 


Interpupillary Index = 26-10944 + 2-39078 A. — -10220 A?. 
This indicates that the interpupillary distance grows more rapidly than the parietal breadth 


from 8 to about 11-5 years (the maximum index at 11-6966 yrs. is equal to 40-0914) and less rapidly 
than the parietal breadth from 11-5 to 15 years. The parabola would suggest—but it is unwise 
to lay much stress on extrapolation—that the decrease in the index continues into adolescence. 
However, we have some rather sparse data from our Anthropometric Laboratory. These give: 


English Males 13 to 16 yrs. (81): 38-99 
- 17 to 24 yrs. (280): 39-65) 39-46. 
3 25 and over (48): 39-08 
Jewish Adolescents 17-20 yrs. (22): 39-00) 39-06 
Jewish Adults 21 to 25 and over (13): 39-16 : 
Hindus, etc. (adults) (28): 41-94. 


From these we should conclude that the Jewish adult value of the Interpupillary Index is less 


than that of English adults and both are considerably less than that of Hindus. Further, the 
Jewish Index continues to decrease after 15 years, but not to such a degree as interpolation from 
our parabola would suggest. It reaches an adult value slightly over 39 points. This index might 
have considerable interest for the anthropometry of oriental races. 
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Summary of Section B. The general result of this section may be summed up as follows, namely, 
that while there are interesting growth changes of the ocular characters with age, none of them 
are of a substantial order, ie. greater than -25, and many much less than -10. Most of these 
small associations more or less clearly indicate that change with age is not a simply linear relation, 


INTERPUPILLARY_INDEX_& AGE 
ALIEN _JEWISH_BOYS 


Tnterpupillary Index 


8 9 40 44 12 43 14 45 
Age in Years 
Diagram 56. 


but that we have to deal with skew regression curves. The following collected data indicate 
these points: 
Table CLXVI. 


Character, the Growth Product Moment rier me ie 

of which is considered Correlation Coefficient (uncorrected) 
Monocular Visual Acuity ... is — 0867 + -0211 1335 (Insignificant) 
Binocular . ie — 0929 + 0317 +1478 (Insignificant) 
Refraction Class (without mydriatic) — 1165 (Significant) 
General Refraction ... va eit — 0435 + -0225 +1327 (Insignificant) 
General Astigmatism 3% ae — 0188 + -0225 +1721 (Significant) 
Corneal Refraction ... be ae We B and () : bit a Rest Gare (Both Insignificant) 

: ; (A, B, and () + -0404 +. 0213 +1496 (Insignificant) 

Corneal Astigmatism a B) — .0467 + -0334 | -1883 (Significant) 
Near Point... Miia. a8 a — +1099 + -0240 ‘1707 (Significant) 
Index of Sunken Eye a oie — 1375 + -0291 +1969 (? Significant) 
Interpupillary Index ane — :0106 + -0299 1899 (? Significant) 


18-2 
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It will be apparent that with such values of the correlation coefficients, and with correla- 
tion ratios not only often insignificant (or of doubtful significance) but also not substantial when 
significant, very little can be attempted in the way of age correction that will be of value when we 
come to deal with the influence of environment on ocular characters, or of ocular characters on 
intelligence. Unfortunately we were unable to measure General Refraction under atropine, when 
greater age changes would perhaps have manifested themselves. Later we shall deal with the 
subject of accommodation wherein the age influence is usually held to be more strongly marked. 


Note to Sections A and B. Refraction Classes. 

We have indicated (footnote, p. 113) that the existing divisions between Refraction Classes 
are arbitrary and vary from one observer to another. It is certainly desirable that the classi- 
fication should be standardised. If we do not allow a certain elasticity in our definitions, 
Myopia, Emmetropia and Hypermetropia become dividing lines, and we are left only with 
three classes: Myopic, Hypermetropic and Mixed Astigmatism. The reader will grasp this 
better from the accompanying diagram, which not only provides the classification we have 


ourselves adopted, but may explain some of the apparent contradictions which arise later when 
we deal with the interrelations of ocular characters. 
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C. The Intercorrelation of Ocular Characters. In this section we propose to deal with the 
interrelationship of the various ocular characters. So far as we are aware this topic has not 
hitherto been dealt with by modern statistical methods. For example, the degree of resemblance 
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between right and left eyes and the relation which Corneal Astigmatism bears to General Astigma- 
tism have not yet been determined numerically. 
(a) Visual Acuity. (i) Different Measures of Visual Acuity. In Section A it has been pointed 
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O---O Medical Examination on , 


Special Examination 1 


Special Examination 


Special Examination 


Visual Acuity Reduced fo Working Scale. 
Visual Acuity Srellen’s Scale. 


Visual Acuity Reduced to Working Seale 
Medical Excamiration | 
Diagram 58. 


out that we have more than one measure of Visual Acuity. We have (a) the School Medical 
Examination in the usual Snellen’s type categories, (b) the Medical Examination corrected, so 
that better central values are given to the subranges, and (c) the results of our own special ex- 
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amination with a system more elaborate than the usual one of type letters, and with a somewhat 
different method of marking. In Diagrams 58 and 59 we give the curves interrelating these various 
systems. Taking either (a) or (6) we are able from curves (i) and (ii) to read off for a given value 
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Visual Acuity Reduced io Workirg Scale. Special Examination 
Visual Acuity Srellen’s Scale. Szecial Examirotion 


Visual Acuity Reduced to Working Scale. Medical Examiratior 
Diagram 59. 


the corresponding probable value of (c), or given a value of (c) we are able by curves (iii) and 
(iv) to determine the corresponding probable values of (a) and (6) respectively. 

We were able to do this because we had the measurements for 320 boys or 640 eyes taken in 
both Medical and Special Examinations. Separate tables were made out for Right and Left Eyes, 
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of which the former is given below*. But it was found that there was no essential difference and 
the two tables could be combined as given in Table CLXVII (to right). The Special Examination 
scale (c) is given at the top of the table; the usual Medical Examination scale (a) in the first 
‘column on the left, and the corrected Medical Examination scale (6) in the mid-column to the 
left of the combined table. 


Table CLXVII. Acuity of Vision (Monocular) in Special and Medical Examinations (Boys). 


Special Examinations 


Right Eye a Right and Left Eyes 

nD eo a2) 

3 |lo2 | oe 

Usual|l oc | ol] aol] a | = |. mr lol+ lols 6 || £8 | elfeotleaixax lal] ewiaolere }] x» zm 

Sale| PIF (R/T l ele |B] s SPSS lS fsa S/S R/S /SlE Sls; saps i/s)s]a 

mo ~ 4 ae | I 4 — 

1-00 1 5 | 13 | 23 | 32 8 3 1 86 |} 1-16] 1 10 | 25 | 41 | 65 | 18 8 1} — 1 | —|— | 165 

g ‘67 | —|— 9 | 30 | 28 | 10 8 1 1 |—]—]—| 87 -84/ — | — | 18 | 62 | 57 | 20 | 19 4 1};—|—|—yJ] 181 
eo 50 | — |] — 2115) 14) 11) 15 3 1 |—}]—]—] 6l 67) — | — 3 | 26 | 29 | 25 | 23 | 10 3 2)/—]—j 121 
a g 33 | —|— 1 1 5 7 7/131 4!—}—jJ] 1 1] 39 37) —|— 1 3 8 | 18; 11} 32] 10 2);—] 1 86 
4 25 | — | —} — 1|— 1 4 8] 7 1 |—| 2 | 24 +25 1 1 6; 15] 10 6 1 2 42 
mel 17 ae A ee ae fe ee Dc es ei es Ue ee ee ee (ee ee ee | 
{<2} 10 —_— —_ 1}—|]3/]—] 2 6 08 | — | — —|—}]—)}— 1 1 5/—] 4 il 
Totals} 1 5 | 25] 70/79 | 38 | 38} 31 | 15 | 10] 3 5 |320|| — 1 | 10 | 47 | 133] 159] 78 | 69 | 68 | 30 | 380] 6 9 | 640 


Considering first the usual medical scale (a) we have: 
Mean, Medical Examination & = -6133. 
Standard Deviation, Medical xaniination = -2762. 
Mean, Special Examination ... ‘7885. 
Standard Deviation, Special Examination +3459. 
Product Moment Correlation Coefficient: 7 = -6722 + -0146. 


I 


7’ sr.me = °7443, 7’ uu.se = *7008. 
Repeating the work with the corrected Medical scale (6) we have: 
Mean, Medical Examination ... sis = -7215. 
Standard Deviation, Medical Examination = -3343. 
Mean, Special Examination ... ihe = °7885. 


Standard Deviation, Special Examination = -3459. 
Product Moment Correlation Coefficient: 7 = -6907 + -0139. 
7'su.mm = *7424. 7’ wn.se = *7187. 

We see from these results that the corrected Medical scale (6) is more highly correlated with 
the more elaborate Special Examination than the usual Medical scale; it is therefore to be pre- 
ferred. Further, the regression curve of Special Examination on either Medical Examination 
(a) or (b) deviates considerably from linearity, while the regression curves of Medical Examination 
on Special Examination (whether we use (a) or (b)) depart less from linearity and may, for 
practical purposes, be represented by straight lines. The regression curve of Special on Medical 
Examination has been graduated (see Diagram 58) by aid of the cubic: 

Ysn = — (15196 + 2-37657axy_ — *822592? yx — +388882 yx, 
where js, is the visual acuity which would most probably result from the Special Examination 
if the visual acuity a,,;, was noted in the Medical Examination (a)t. This enables us to find the 
best.available Special Examination equivalent from the rougher Medical Examination. 


* Any reader can reproduce the table for the Left Eye, by subtracting the contents of each cell in the table on the 
left from those of the corresponding cells of the table on the right, if he so desires. 

+ Conversely % tun = -10091 + -85616y.4 — -20366y?,,, — -01550y,, is the cubic giving the probable Medical Examina- 
tion result for a given Special Examination value. 
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The curves of the preceding paragraph are represented in Diagram 58 (p. 142). 
Turning to the Corrected Medical Examination data we find for our cubic: 
Ise = — 14441 + 2-403062y_ — 15477822 yz + °289972 ye. 
This is shown in Diagram 59 (p. 143). As in the case of the Uncorrected Medical Examination 
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SPECIAL EYE EXAMINATION. ALIEN JEWISH BOYS 
Vision of Best Eye Sreller's Scale 
oe re «= V2 «0S % %, 6/, 


@ Binocular Vision or Vision of Best Eye 
O Vision of Best Eye on Birocular Vision 


Binocular: Vision Reduced to Workirs Scale 
Binocular Vision Sreller’s Scale 


Vision of Best Eye Reduced to Working Scale 
Diagram 60. 


data 7'«xn.sr i8 So near r, that the regression of the Medical on the Special Examination data is 
almost satisfactorily given by a straight line*. 
It must, we think, be admitted that with a correlation coefficient of nearly -70 there is some 
ground for satisfaction that the more hasty School Medical Examination should agree so well 
* The actual equation to the cubic is %y, = — -09804 + -94585y5, — -03470y,, —-12793y% 55. 
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with a more elaborate examination made by different investigators with a different scale and, in 
a large number of cases, after a considerable time had elapsed. 

(ii) Binocular Vision and Vision of Better Eye. It seems of some interest to know how far 
Binocular Vision is better than the Vision of the Better Eye, and also how we can obtain when 
the vision has only been measured for the right and left eyes separately the most probable value 
of the Binocular Vision. The converse problem, to find from binocular vision the probable vision 
of the Better Eye, may also be of some interest. 


Table CLXVIII. Binocular Vision and Vision of The accompanying table shows by 
Better Eye (Boys). its mere appearance how strong is 
Vision of Better Eye the correlation. For its constants we 
751 -58| -37 14 have: 
5 PS ee ee ee a Mean, Binocular Vision ... -9075. 
3 = he = = Mean, Better Eye Vision ...  -8675. 
g 3 Si = — Standard Deviation, Binocu- 
2 299! 6| 1 = = lar Vision ... ane -» °3261. 
4 Ba ante 7. - Standard Deviation, Better 
8 eae a ms = Eye Vision oo .. 3269, 
a — = = = Product Moment Correlation Co- 
efficient: r = -9485 + -0032. 
55 31 10 3 


We see accordingly that the Bino- 
cular Vision is 4-65% higher than the Better Eye Vision, but that the variabilities are about 
equal. We cannot disregard the fact, however, that the array-means taken for Binocular Vision 
on Better Eye Vision do not give a linear regression. On the other hand, the Vision of Better 
Eye on Binocular Vision is given almost exactly by a straight line. 


Visual Acuity Binocular Visual Acuity Visual Acuity 
of Better Eye Visual Acuity | Binocular Vision of Better Eye 

1-42 1-3467 1-42 1-3356 

1-29 1-2794 1-29 1-2363 

1-11 1-1321 Lil 1-0665 

91 9682 91 8565 

75 8242 “15 7310 

58 6640 58 5503 

37 4297 37 3604 

25 2700 *25 2500 

14 1530 14 1333 

07 0740 06 0740 

General Population: 9075 General Population: +8675 


We see that the probable Binocular Visual Acuity is less than that of the Better Eye for the 
supernormal sights, but becomes better than that of the Better Eye, when we have Better Eye 
Vision less than 6/6. On the other hand, the probable value of Better Eye Vision is practically 
throughout less than Binocular Vision. Diagram 60 (p. 145) will enable the reader to determine easily 
Binocular from Better Eye Vision or the converse. For those who wish to obtain more accurate 
values we give the cubic equation and the straight line equation for the two regression curves. 

Gu.v = — 0117 + 1-283925, 7 — -247327 5.7 + -01982°,, 7, 
Epev = Upev = — ‘0047 + -9508y5;.7- 

It might be reasonable to assume that the constant term — -0047 should be neglected or the 

Better Eye Vision taken to be zero when Binocular Vision ceases. 
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(iii) Visual Acuity of Right and Left Eyes. This association may be worked out either on the 
data of the Special Examination (a), or on the Boys (8), or Girls (y) of the School Examination. 
The constants of the three distributions are as follows: 


(a) Special Examination (Boys) : 


Mean are oes see Right Eye: -8009. Left Eye: -7635. 
Standard Deviation ive Right Eye: -3525. Left Eye: -3616. 


Product Moment Correlation Coefficient: r = 7763 + -0119. 


VISUAL ACUITY OF LEFT EVE & VISUAL ACUITY_OF_ RIGHT EYE 
ALIEN JEWISH BOYS. SPECIAL EYE EXAMINATION 


Visual Acuity Srellew’s Seale. Right Eye 
65 %e Seas = Se S/o &e S/, bf, 


@ Left Eye on Right Eye 
O Right Eye on Left Eye 


Left Eye 


Left Eye 


Visual Acuity Reduced io Working Seale. 
Visual Acuity Srellen’s Scale. 


o 2 46 8 “0 2 44 
Visual Acuity Reduced fo Working Scale. Right Eye 
Diagram 61. 


Diagram 61 shows how nearly linear is the regression. 
No doubt a cubic would give a slightly closer result, but it has not been thought needful to 
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Table CLXIX. Visual Acuity of Right Eye and determine it. The following are the 
Left Hye. Special Examination. Boys. equations for finding the probable 
Right Eye value of the vision of one eye from 


041 Totals| that of the other: 


1:50 [1-40 [1-29 [1-11] -91] -75) -58{ -37| -25 rs 
Oa ean (amie Gover (Urey [PO (rete |Reaiers| Pamelor] eee (es 1 Vin — °1257 + -7963V nn 

y —|3l5}73!] 9] 11|—|] 1|/—|—|—]{—|. 92 | It will be observed that when the 
A lA} Fy ey ete] 2 Sia] a] Lia] 78g | vision of one eye is nil, the vision of 
oot —{!—| 2] 3} 2} 8/33] 3} 1} 1}/—j}—]| 53 | the other does not vanish; it is small 
4 ee ale ce ae ae ae ee : 

SS a eee | 9 4/ 4/11] 311 25 but finite. 

See SE ees 3| 3| 38|10;}/—| 2] 28 “e 

Sn eeall cn gil se See eels hat “tol: The probable vision of the left eye 

bese (ea (eer (ae | 1/—] 1]/—{1]5] 10 | is less than the observed vision of the 

Totals | 2 | 9 | 45 61 | 43 | 25 | 22/ 8 | 8 507 right, until it falls to 6/ 18 vision, 


when the probable vision of the left 
is greater than that observed for the right. The probable vision of the right eye is less than the 
observed vision of the left, until it falls below 6/9 vision, when the probable vision of the right 
is greater than that observed for the left. These results are taken from the observed array-means 
and not from the regression straight lines. See Diagram 61 (p. 147). 

We now turn to the Medical Examination. Here we can deal either with the corrected or 


Table CLXX. Visual Acuity of Right Eye and Left Eye. Medical Examination. 


Vision of Right Eye 
Boys Girls 
3 Corrected Scale Corrected Scale 
52 1-16] -84 | -57 | -37 | -25 | -18 | -10 | -06 3 1-16 | -84 | -57 06 “ 
ES SARS eR (OE PN Ra PE (em ypu | (mee RU Fn ri eee, eee Sa Ba — 
eg |S |Usuall joo | 67 | -50 | -33 | -25 | -17 | -10 [<0 = - 
a Seale | 1 < 1-00 | -67 | -50 10 |<-10 
= ___ ——— |——————— |_| ——__ | ———————_ SO OO ES OO OS OS Sl —nwmn—ns Oe |S OS OO OO") 
8 | 1-16 | 1-00 | 201] 17) 4) 4) —] 1] —]| — | 227] 152) 16] 2 —|—|]1|—|17 
1.94! -67] 19) 177] 24] 10] 4] —] 3 | — | 237]] 18] 187] 28 6| 6] 1 | 2 | 258 
f| -s7| 50] 6| 29] 101) 16) 7] 5} 4 | — | 168 1| 33 | 178 2}; 2/1 | — | 232 
S| 37] 38} 2] 3] 22] 5} 8] 6] 3] —] 96 31 7| 27 ie | 5] 4 | — |} 136 
4) o5| 25/ 3] 3) 3! 10/27! 6] —]|] — | 62 1| 3] 2 37 | 3 | 2 | — | 64 
es pe te i ak) Be] ome Bl oe oa oe ag | ne 1/23] 2 |— 1] 40 
io} 0} 2} —|—] 2]—] 4] 12; —|{ 20]) — 2) — 2/ 516/1—| 16 
06 |<-10 | — Ted ou) eee | ee 1 i —|—|—! 3 5 
Totals) 237 | 233 | 159 | 97 | 48 | 44 | 26 | — | 844 || 176 | 250 | 239 64 | 49 | 17 | 5 | 928 


uncorrected scale. The data for Boys and Girls are given in Table CLXX above, and the means of 
the array of Left Eye Vision for given Right Eye Vision, both for the corrected and uncorrected 
scales, in Diagrams 62 and 63. The regression curves in all cases are very nearly linear. The curious 
turn upward with low visual acuity of the Right Eye is, we believe, only due to the small 
numbers dealt with in the two lowest groups (Boys: 26; Girls: 17 and 5), but the fact that it 
occurs in both Boys and Girls must be borne in mind*. The constants of these tables are given 
below. We have contented ourselves with giving the regression for Left Eye on Right Eye in 
our Diagrams 62 and 63 (pp. 149, 150). 

* A similar “turn up” is not traceable in our Special Examination regression curves (Diagram 61), but it would not 


be unreasonable if some of the low visual acuities of the right eye were due to anomalies or accidents not affecting 
the left. 
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The constants of the tables are as follows: 


Boys Girls 
Uncorrected Corrected | Uncorrected Corrected 
Mean Visual Acuity R. Eye... a2 oat -6241 7342 -5740 6747 
Mean Visual Acuity L. Eye... ar _ +6206 +7304 +5745 -6759 
Standard Deviation R. Eye... ee oe +2833 +3407 2610 -3180 
Standard Deviation L. Eye... see aa 2785 ‘3354 ‘2577 +3144 
‘ ; ane 8017 “7997 8333 +8256 
Correlation of Visual Acuity in R. and L. Eyes +-0083 4 ones |} +-0068 +0068 


VISUAL ACUITY OF RIGHT & LEFT EYE 


ALIEN JEWISH BOYS. MEDICAL EXAMINATION 
Vision of Riékt Eye Srellen’s Scale 


So se Yer he 42 % 6/, 6s 


4-2 0 ee) Gs) EE (ee Se a EES 6, 


@ Urcorrecied Medical Data 
O Gorrecied ” ” 


sf 


co 


MEAN _OF GORREGTED DATA 


MEAN OF UNCORRECTED DATA 


Vision of Left Eye Reduced to Workings Scale 
a 
Vision. of Left Eye Sreller’s Scale 


0 
Oo 2 4 6 8 10 1°2 
Vision of Right Eye Reduced to Working Scale 
Diagram 62. 


The Medical Examination indicates how poor is the visual acuity of the Girls compared with 
that of the Boys, but it does not show like our Special Examination a definite superiority of 
acuity in the Right Eye. The Girls are in all cases less variable absolutely than the Boys, but if 
we take their relative variability as measured by the Coefficient of Variation we find: 


Boys Girls 
Coefficient 
of Variation Uncorrected Corrected Uncorrected Corrected 
Right Eye 45-4 46-4 45-5 47-1 
Left Eye 44:9 45:9 44-9 46-5 


_and the Girls, if anything, are slightly more variable than the Boys. 
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From the above tables 43 Boys (4-85 %) and 78 Girls (7-79 %) recorded “with glasses” were 

excluded. Their sight without glasses might have modified the lower end of the curves to some 
extent. The reader will note that the percentage of Girls using glasses is considerably greater 
than the percentage of Boys. Of course this may be due to the fact that schoolboys dislike more 
than schoolgirls wearing glasses, but the lesser visual acuity of the Girls is reason enough for the 
difference. 

VISUAL, AGUITY OF RIGHT & LEFT EYE 

ALIEN JEWISH GIRLS. MEDICAL, EXAMINATION 


Vision of Rigkt Eye Sreller’s Scale 
Yoo Sse Seas 2 % % 


@ Uxcorrecied Medical Data 
oO Gorrecied » ” 


MEAN OF CORRECTED DATA 


t 
\ 
' 
| 
{ 
| 
\ 
| 
! 
\ 
I 
t 


Vision of Left Eye Reduced to Workir6 Scale 
Vision of Lefi Eye Srellen’s Scale 


Vision of Rigkt Eye Reduced io Workiré Scale 
Diagram 63. 
The following are the prediction formulae for finding the probable visual acuity of one eye from 
the other. 


. Boe: Uncorrected (Usual Medical) Scale. . Corrected Scale. 
Vin = = (1287 + -7881 Vaz, Vin = (1524+ -7873V pg, 
V ne = °1180 + -8155V ze, ae = 1409 + -8123V zz. 
Girls : Uncorrected (Usual Medical) Scale. Corrected Scale. 
Vim = *1022 + -8228V rg, Vim = °1251 + -8163V pz, 
Vee = 0891 + -8440V zz, Vn = *1103 + -8351V zp. 


Here V signifies visual acuity of observed eye and V the probable value of the visual acuity of 
the other eye. 
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(iv) Visual Acuity and Refraction Class. This is a point which is of considerable interest. Is 
it to be anticipated and to what extent that the astigmatic will have worse vision than the simply 
hypermetropic or simply myopic? 

The table giving our data will be found below. The constants of this table are as follows: 

Mean Vision: -8179. Standard Deviation: -3400. 

Correlation ratio of Vision on Refraction Class: 

ny ro = *467,747, Fy.rc = °005,624. 


Table CLXXI. Visual Acuity and Refraction Class. 
Visual Acuity 


Emmetropia 
Hypermetropia .... bie 
Hypermetropic Astigmatism 


Mixed Astigmatism 
Myopic Astigmatism 
Myopia tee aes 


Totals 


Refraction Class 


n'*y xc is therefore very definitely significant and 7’7, rq = °6839. 
VISUAL AGUITY & REFRACTION GLASS 
ALIEN_JEWISH _BOVS 


FS D Raa 
ASTIGMATIST( 


Diagram 64, 
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The array-means are as follows: 


Emmetropia vos Aa Sax oF or wee ae oe 9744 + -0097 
Hypermetropia vee ae vee aes re ocr ae *8854 + -0276 
Hypermetropic Astigmatism ws 33h wee a nes wei -4758 + :0282 
Mixed Astigmatism aes oo vay s0F bee nie owe -3654 + -0636 
Myopic Aenea ate _ So it wit ee bale +3469 + -0367 
Myopia oes a eee eee “ae eee oes “ +4910 + -0194 
General Population wee Py wee eee *8179 + -0077 


The system presents significant Sifidices ak is of an orien character: see Diagram 64 (p. 151). 
In this diagram the areas of the circular sectors represent the percentages in each Refraction Class. 
Perhaps a still more interesting diagram is that giving the percentages of each Refraction Class 
for the several grades of Visual Acuity: see Diagram 65. The reader will find it of interest to 
compare it with Diagram 49 on p. 127. 


PERGENTAGES IN EACH REFRACTION CLASS 
FOR GIVEN VISUAL AGUITV. ALIEN JEWISH BOVS 


General 
Population 
63-2 
15-7 

100-0 


Visual Acuity Srellen’s Seale ‘ 
Yoo%s Yate Ya % % % 


As 
3 
o 

a 

3S 
z 

S 

Ss 
D 

E 

oS 


Percentages 
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iF : : 
2 2 
12 og i |S 
382 |4 
18288: : 
as eB ' | 8 
‘BB £ 2 3 & o 8 4 6 Pr) 0 4-2 14 
88 a coal Visual Acuity Reduced to Workird Scale 
4 
ql £88 as 2 Diagram 65, 
fy '° 
samaes | é 


Visual Acuity 
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(v) Visual Acuity and General Refraction. The relation between these two ocular characters is 
one of great interest to the really enthusiastic statistician, who sees further than the coefficient 
of correlation. It is also not without interest to the student of evolution. Acuity of vision was 
essential to primitive man and is highly important even to-day. Not looking at Refraction from 
the highly artificial scale of modern ophthalmology, but as the power of the compound system 
of lenses on which sight depends, we recognise how rapidly visual acuity runs down with even 


VISUAL _AGUITY & GENERAL REFRAGTION 
ALIEN JEWISH BOYS 


Visual Acuity o2 Refraction 
Refraction on Visual Acuily 


Visual Acuity Reduced to Workiri Scale 
Visual Acuity Snellen's Seale 


-8-0 -6-0 -4-0 -2-0 0-0 20 40 6-0 
Refraction in Diorires 
Diagram 66. 


slight deviations from a modal value (see Diagram 66). But the shape of the eye and its parts depends 
upon the sizes and correlations of a great range of physical characters which probably extend as far 
as the bony structure of the skull (see our Section G). It is impossible to deny that primitive man 
with poor visual acuity would stand a slight chance of survival, and we see the selection by visual 


Table CLX XIII. Visual Acuity and General Refraction. Boys. 


General Refraction in Dioptres (Central Values) 


1 —_ 
Central] ‘2 iS aljepie|] S$] | S| & Sle] e 
= Le) 
Values| © ? cell eal ek le |e | eee 
16505 j|.|ace esa (eee (eee eae ee eg ee esi hes 
1-40 | — | — see eh egy ae ID Be 3) eee cee ||) “oo | ea 
1-29 1 17 566 | — 
reat es eg a ms fe Pe | IB | 40 4 
ae ee er ae an) ey a: ee Ue ee | eee ee ae 
[a oe |S | ae || 1 0 81° 16501), OB |S fee 
58 | 1 | 1 —|3 |25/75] 2 | 20 32 | 20 4 = 
37 |—| 1 15/3 |2 |85|5}105) 5 |22 |105,; 2 |—}—]|— 
a pee —|4a5/2 /1 | 2] 25] 1 4 | 10 6 2 
a ed ee 05};2 |1 (2513) — 1 75 | 125) 1] 2} — 
08 Le ical ete pees eee ey 2 }3}3|— 
04 ee ae ae een a 2 }2;/rj— 
Totals} 1 | 2 | 4} 3 |16-5/10-5]/32-5| 24 | 183 | 435-5 | 82 | 35-5 | 245] 6 | 8 | — 
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acuity modelling all the structures related to the eye as an optical instrument. All this may seem 
quite tamiliar and not worth repeating, but still an inspection of Diagram 66 does reinforce the 
old tale—the tale of natural selection—which now-a-days fails to obtain hearers. 
Our data are provided in Table CLX XIII. 
The constants of this table are: 
Mean, Vision: +8092; Standard Deviation, Vision: 3471. 
Mean, Refraction: -1010 D.; Standard Deviation, Refraction: 1-5268 D. 
Product Moment Coefficient of Correlation r = -2706 + -0211. 
Correlation Ratio, Visual Acuity on General Refraction: 


Ug —= -533,037, 7 V.4A.GR => -012,500 + -003,569, i pga = -7301. 
Correlation Ratio, General Refraction on Visual Acuity: , 
Wy ci — -329,425, Por.va = ‘O01 1,364 + -002,408, i Gaps = ‘5740. 


and is decidedly significant, if not so large as 7’74 or- 
The pyramidal form of the table is noteworthy, the scatter increasing markedly as we pass 
from high to low acuity. The following are the values of the array-means: 


General Refraction Mean Visual Acuity Visual Acuity Mean General Refraction 
5-325 D. 5875 1-415 +6750 D. 
3-75 D. 4591 1-29 2027 D. 
3-00 D. 4505 1-11 -1823 D. 
2-25 D. 6174 91 +3620 D. 
1-50 D. 6546 “15 +2418 D. 
‘75 D. +9296 58 5386 D. 
‘00 D “9715 37 4583 D. 
— -75D. 5924 “193 — -6062 D. 
— 1-50 D. +2899 061 — 43393 D. 
— 2:25 D. 1727 — — 
— 3-43 D. “1086 — -— 
— 7-19 D. 0650 — — 
General Population: 8092 General Population: 1010 D. 


The two regression curves shown in Diagram 66 are very characteristic. We see that starting 
with Visual Acuity -06 General Refraction is negative and rises quickly till Visual Acuity is -37, 
after which it scarcely differs from zero by more than } D. to $ D. up to the most acute visions. 

For the regression curve of Visual Acuity on Refraction we tried weighted and unweighted 
cubics unsuccessfully ; an unweighted quartic gave a better but not a really satisfactory graduation. 
A reasonable graduation was obtained by a weighted cubic for the regression of Refraction on 
Acuity. On the whole it seemed probable that higher order parabolae or even other types of 
curves would be desirable but in view of the great labour involved already, and what would be 
needful if other curves were tried, we finally contented ourselves by splining both systems of 
array-means. 

(vi) Visual Acuity and Corneal Refraction. Table CLX XIV below provides the data of the 
Special Examination for recorders A, B and C. Later we shall consider results for A and B only. 

Diagram 67 shows that for low or high Corneal Refraction the Visual Acuity decreases fairly 
rapidly. The reader will find it of interest to compare this result with that for General Refraction; 
he will see at once that the curve is nothing like as steep; nor should it be, for Corneal Refraction 
is only part of the General Refraction upon which fitness of vision depends. The constants of 
the table are: 

Corneal Refraction, Mean: 438-475 D.; Standard Deviation: 1-5523 D. 
Acuity of Vision, Mean: ‘7911; Standard Deviation:  -3555. 
Product Moment Coefficient of Correlation: r = — -0275. 
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Table CLX XIV. Visual Acuity and Corneal Refraction. 


Corneal Refraction in Dioptres (Central Values) 


1 uw wD uw pte ple) Ww ples) uw ww ww} ww} wD pie) “wD pla Ww 1 w! w WwW 
cones SI/SISISISl/SISl/SsIsSlslsls; sis; alysis S | 3 | & | Totals 

See a Be [Se I es ee te ie a a Ne eae ar a a OE ep Ss 15/5 
1-50 = 3 cai [eer ma eee eee ee Fen (eet 3 
140 | — 1/—/—] 3] 4] 3] 6 |—!|] o58] o5 |—}—] 17 
Bl] 199 | —}|]—}]—|]—]}] 1] 2] 6] s}is}12{is} s{10/ 5} 2 |—}| 2 | 2 |—;—] 86 
B/ ri |—/—|{—] 2] 3] 8 | 10] 11] 19] 299} 25} 27) 21])17| 9 | ul 3 wis es [|| LOR, 
< 91 |—}|-—/—]—]1]3 1] 8} 8/13] 18! 31] 40] 41] 24]14 | 16/17 | 3 1|2 | 240 
ot be ee ee) oe | eg 8h 9. | Bb 1@ | da | 9/5 |2 |—|i—|] 116 
Z| 38 ;—{/—|/—|—|] 3] 3 ]an] 3] 12] 12] 15] 15] 13] 7] 5 5| 3 | 1 1]—{] 109 
S|] 37 | —}|—]4)314]/—] 1] 4] 6] 8] 5] 9] 14] 12] 9 i eee ee ee 
2 |1;}/—;—/]1}/2]2/—!] 3] 9] 3} 4] 8] 3] 7] 2 Oe Bee |e free ea 
4 |—/—-|]—/—|3]1! 4] 4] 4/ 1] 41 3] 6! 3] 45] 3} 35; —|1}—| 45 
08 1 3/1) 2}/—] 3] 1] 2 9/2 |—]|—}]—] WwW 
04 1/ a) 1) 1}]—[ 8} 1] 3] 1] 2 7—] 1 — |—}]—] 15 
Totals | 1 | —]| 4 |7 | 20] 21 | 47 | 47 | 89 | 92 | 120] 129] 134] 94 | 65-5] 49} 47 | 135] 3] 2 | 985 

SS Ae: 


’ VISUAL_AGUITY_& CORNEAL REFRAGTION (opservers AB2C) 
"QUIEN JEWISH Boys 


- -@ Visual Acuily or Refraction 
---© Refraction on Visual Acuity 


Visual Acuity Reduced to Workings Seale 
Visual Acuity Seelier’s Scale 


39 40 ca] 42 43 44 45 46 47 
Refraction in Diopires 


Diagram 67. 


This is what we might anticipate for the curve of regression is very nearly parabolic and r is 
of no physical value. Turning to the correlation ratio of Visual Acuity on Corneal Refraction we 
have: 

7 > 4 OR = -034,974, 77 4.0R = 014,213 + -003,597, 
77 4.cr i8 accordingly definitely significant, and we have 7’;4.cn = °1870, a value much smaller 
than that found for Visual Acuity on General Refraction, as might be expected. 
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We have worked the corresponding values of the distribution constants for A and B’s records 
only. Much the same parabolic form is taken by the regression line and we have: 
Corneal Refraction, Mean: 43-891 D.; Standard Deviation: 1:5157 D. 
Acuity of Vision, Mean: 6997; Standard Deviation:  -3413. 
Product Moment Coefficient of Correlation: r = -0491 + -0344, which is not significant. 
Correlation Ratio of Visual Acuity on Corneal Refraction: 7’ p4.cr = -2199, 
a somewhat higher value than that found for A, B and C’s combined observations and to that 
extent justifying exclusion of C’s material in certain cases of Corneal Variates. 
Diagram 67 (p. 155) shows the regression of Visual Acuity on Corneal Refraction for A, B 
and C’s records, graduated with the cubic 
Yva = *83485 — -02182 (xoz — 43-125) — -01700 (apg — 43-125)? + -00400 (aon — 43-125)°, 
where Xgz is the Corneal Refraction in Dioptres. 
If we examine the differences between the observations of A and B and those of C, we find 
that the chief divergence lies in the mean values. We have 


Mean Visual Acuity Mean Corneal Refraction 


A and B 6997 43-891 D. 
Cc +8490 43-211 D. 


We have already indicated that we can only account for these divergences (i) on the assumption 
that C had a large personal equation relative to A and B, or (ii) on the hypothesis that when 
the ophthalmic work was started the teachers sent boys whose sight was under suspicion to A and 
B, but that when C started to measure this was impossible, because he had to record the ocular 
characters of those boys whose school schedules had been already filled in and were waiting only 
for the optical data. It seemed to us worth while taking the cubic just given and shifting it 


VISUAL AGUITY_ & CORNEAL REFKACTION (OBSERVERS A&B oniv) 
ALIEN JEWISH Boys 


Visual Acuity Reduced to Working Scale 
Visual Acuity Srellen’s Scale 


39 40 a 42 43 44 45 46 41 
Refractior_in Diogtres ; 
Diagram 68. 
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horizontally to the right through -416 D., the difference between the mean Corneal Refraction 
of A+B+C’sand A + B’srecords and depressing it through -0914 vertically, the difference between 
the corresponding visual acuities. This shifted cubic is shown in Diagram 68 and the result is a quite 
good fit to the observations of A and B only. It would thus seem that the divergence is principally 
a constant difference in the values of Corneal Refraction and Visual Acuity. 

Diagram 67 (p. 155) also shows the mean Corneal Refraction for each grade of Visual Acuity. 
The array-means for Corneal Refraction are: 


Visual Acuity Grade Mean Corneal Refraction | Visual Acuity Grade Mean Corneal Refraction 


1-41 44-163 D. 58 43-208 D. 
1-29 42-962 D. 37 43-577 D. 
111 43-169 D. +197 43-242 D. 
“91 43-871 D. 061 43-719 D. 

“75 43-724 D. —_—__——_———_—— . 
General Population* : 43-475 D. 


The irregularity of these values, as well as a glance at the diagram, suffice to indicate that little 
can be learnt of Corneal Refraction from a knowledge of Visual Acuity. Notwithstanding, the 
correlation ratio, if not large, is still significant, for 

non.v4 = 048,624, For. y4 = 010,152 + -002,152, 
and the difference is many times the probable error. We have 7’or.y4 = °2205, almost the same 
as 7'y4.cr, but in the former case the array-means do not form an orderly sequence as in the latter 
case. We have graduated them also by aid of the quartic: 
Eon = 43-40651 — -11100y,4 + -95686y7,, — -47960y3,, — -22670y4,4. 

(vii) Visual Acuity and General Astigmatism. The regression curve of Visual Acuity on General 
Astigmatism forms another of the remarkable curves with which we are growing familiar and 
which are so suggestive from the evolutionary standpoint. If acuity of vision was—as it must 


have been—essential to primitive man, then there was a strong force tending to keep the surfaces 
of his lenses spherical. Our data will be found in Table CLXXV. 


Table CLXXV. Visual Acuity and General Astigmatism. 


General Astigmatism in Dioptres (Central Values) 


BBZil eile 10 =) 19 e!| 20 lols | & 
3 B a = é = é “ “4 : ee “ "9 3 The array-means are: 
> 
Sa he yee Grade of Astigmatism Mean Visual Acuity 
1:50 |} — | — | — 3 3 1-70 D, -4409 
140; —|}—) — | 17 = = 17 0-75 D. 6422 
= 1:29 | -—- | — | — 733) — | 1 74 0-00 D. -9061 
#e} rll] — 4} — ] 171 8 1 18} —0-75 D. 5514 
a] 91; —| —/135/ 197/195} — |i |—|—|—]}—] 231 — 150 D. 4213 
a) +75 | — | 0-5 | 12-5] 71 | 20-5 | 15 1 107 — 2-25 D. 3615 
3 58 | 0-5 | 1 14 46 | 18 3 95};—|—}] 2 }]—]! 94 —3-00D. 3016 
2 37 {0-5 | 25 | 65] 281) 145) 75 | 75 | 3 | 2 |—j|—~] 72 — 3-88 D. 3091 
Bl) a5) | ee | 8 Te ke «a (| cra (en le 
14/05; — | 4 11 | 12 2 55 )-—|] 3 |—})—]| 38 General Population: 8093 
mV fsa Pease ese TD | Pe [ae a Stee hy 
OE | a Se il | Sate me a A ee ee | The constants of the distribution 
Totals| 1:5 | 4 | 53-5 | 649 | 100-5! 24 | 29-5; 7 | 9 | 2 | —| 880) are as follows: 
General Astigmatism, Mean: — +2182 D.; Standard Deviation: -°7178 D. 
Visual Acuity, Mean: *8092; Standard Deviation: -3471. 


Product Moment Coefficient of Correlation: r = -3665 + -0197. 
As before this coefficient means very little for present purposes. 


* Standard Deviation: 1-5523 D. 
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Correlation Ratio of Visual Acuity on General Astigmatism: 
n° v4.04 = *250,430, Pya.aa = 007,955 + -002,854, 
n'y 4.a4 i8 therefore significant and 7’y4.q4 = 5004. 
Working out the regression of General Astigmatism on Visual Acuity we note (see also 
Diagram 69) that until the Visual Acuity drops to -75 there is little trace of General Astigmatism, 


Grade of Mean General Grade of Mean General 
Visual Acuity Astigmatism Visual Acuity Astigmatism 
1-411 OD. +58 — +3750 D. 
1-29 — :0203 D. 37 — -6354 D. 
li — :0373 D. “193 — -8836 D. 
91 — -0292 D. ‘061 — -7232 D. 
“75 — -1051 D. ——— —— 
General Population: —- -2182 D. 


after that value it increases rapidly. We have: 7244.74 = °178,983, 794.7, = ‘011,364 + -003,406. 
Hence 794 74 is significant and 7'g¢4.74 = ‘4231. 
The regression curves in Diagram 69 are graduated with cubics as follows: 
Gva = '75269 + -065362¢, — :1078922,4, — -0248723,,; 


VISUAL AGUITY & GENERAL ASTIGMATISM 
ALIEN JEWISH BOYS 


@- -@ Visual Acuity on Astigmatism 
O---O Astipmatism or Visual Acuity 


Visual Acuity Reduced to Working Seale 
Visual Acuity Sreller’s Scale 


20. 1-0 o -4-0 -2:0 -3-0 -40 
Astifmatism in Diortres 
Diagram 69. 


this is an unweighted cubic, the weighted cubic practically passing through the peak, owing to 
the dominant weight of that point, and being a bad fit elsewhere. The other cubic is: 
q4 = — 95159 + -63498y,, + 1:15327y?,, — -84187y3,4. 

Probably we should have done better in this case to spline the array-means as they appear to 
need higher order curves for good graduation. 

(viii) Visual Acuity and Corneal Astigmatism. We should anticipate here that the correlation 
would be considerable but not so intense as between Visual Acuity and General Astigmatism. 
The difference however does not appear to be as great as might be expected. We have indeed: 

n'va.ca = 4238 while y’p4.¢4 = °5004. 


KARL PEARSON ann MARGARET MOUL 159 


Thus almost as much as to Visual Acuity can be predicted from Corneal as from General Astigmatism. 
It would seem as if either distortion of the cornea was the fundamental factor in Astigmatism, or 
the distortion of the remainder of the optical lens system was enforced by that of the cornea, 
a possibility, if corneal astigmatism be inherited, and therefore congenital. Our data are given in 
Table CLX XVI. 


Table CLXXVI. Visual Acuity and Corneal Astigmatism. Boys. 


Corneal Astigmatism in Dioptres (Central Values) 


E> Af seaet yyy fones 1k mies cl ea nis ese ol os las ‘ The array-means of Visual 
Centrall A | S| = | S = Yo OO S 3 : C l 
Values|ala)o|s6 6S |alalala}{«fls|s| £ || Acuity for each grade of Cornea 
i ae ae + Utlel]+] e+] F)F]4] 8 J : 
Astigmatism run as follows: 
150 | —}]—]|— 2 1 3 
140 |—|—]1 6) 10 — _— 17 Grade of Corneal Mean of | 
1-29 |—|—]|]— | 64] 20 84 Astigmatism Visual Acuity 
Biri }|—|]iyi | 19] 64 9| 2 196 _ 1-59 D. 5337 
z 91 | —|—]5 93 | 133 7) 2 _ 240 _— -75D. 6943 
a ‘7 |—| 1/3 50 | 43 16; 3) byj—;—y;—y—y] Ne -00 D. -8963 
2 58 1 1|3 32 | 45 11} 11] 2] 2] 1 |—J]—J] 109 + -75D. 8058 
Bi 37 )/—| 3 |2 | 22] 2 |i9}14]) 9) 2)—)1]—] 93 +L LSD. 5807 
> 25 |—|—]|1 8] 18 5] 9) 6] 2})/—}|—|— 49 + 2-25 D -4188 
14 |}]—)] 1/05) 17) 135] 3] 4) 1) 2) 24) 1) 1 46 + 30D. -3621 
OB ee Per a Se be ie as 18 + 4-29 D. -2993 
04 | —j|—]|1 3 6 3] 3 16 : paeteee 
faeces bara (nore saree] Vermeer] recede (ees nevereeee (rere oaeeees General Population*: 7883 
Totals | 1 7 |17-5| 424 | 380-5 | 74 | 50|19| 8 | 3 | 2 1 987 


The result is shown in Diagram 70 and the observations have been graduated with the un- 


weighted cubict: | _ .81363 — -01873x 4 — 096872%¢4 + -016952%¢,. 
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Diagram 70. 


* Standard Deviation: -3567. 
} Neither weighted cubic nor quartic was satisfactory owing to the few observations in the terminal arrays, 
although the array-means gave a reasonably smooth curve. 
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We have again strong evidence of the evolutionary idea. Let us suppose that it was impossible 
for a palaeolithic hunter to survive with a visual acuity less than -40, then in a race such as that 
of these Jewish Boys 22:5 % would have perished and the Corneal Astigmatism be on the average 
reduced from -6079 D. to :-4510 D. in one generation of selection. The interest of these curves 
lies in the fact that excess in either direction reduces the intensity of a character upon which 
in early times survival must have largely depended and we obtain an insight into the manner 
in which natural selection—seconded of course by heredity—would enforce sphericity of the cornea. 
Returning to our table we find: 

7p 4.04 = °179,576, Wra.ca = °007,092 + -002,814. 
Thus 7”;4.04 is definitely significant, and we have 7’74.04 = ‘4238 as our measure of the manner 
in which Visual Acuity depends on Corneal Astigmatism. 

If we turn the problem round and ask what average Corneal Astigmatism occurs for each Grade 
of Vision we have the following results: 


Grade of Mean Corneal Grade of Mean Corneal 
Vision Astigmatism Vision Astigmatism 
1-415 3750 D. 37 1-1774 D. 
1-29 ‘1786 D. 25 1:3469 D. 
111 3253 D. ‘14 11413 D. 
‘91 -4625 D. 08 -6667 D. 
“75 5237 D. 04 ‘9375 D. 

58 -7982 D. -_---——____—- 
General Population*: “6079 D. 


The results have been graduated by the weighted cubic: 
Xo4 = '90728 + 2-000387yp4 — 4:76859y?,, + 2:19431y3,4. 
The value of the correlation ratio of Corneal Astigmatism on Visual Acuity is given by: 
n”o4.va = 165,366, Foa.va = 010,132 + -001,416, 
and accordingly 7’¢4.74 is significant, and we have »’c4.74 = ‘4066, a value only slightly less than 
VISUAL AGUITY & GORNEAL ASTIGMATISM witout avcanD To sian 


(ougeRvers A.\B%C) ALIEN JEWISH BOVS 


@- -@ Visual Acuity on Ashgmatism 
O- --O Astigmatism on Visual Acuity 


Visual Acuity Reduced to Working Scale 
Visual Acuity Seellen’s Seale 


Astigmatism in Diogtires 
Diagram 71. é 
that of n’g4.yat- Studying the regression curve as given in Diagram 70 (p. 159) we see that there 
is some sign of reduced Corneal Astigmatism for the lowest grades of Visual Acuity. It is possible 
* Standard Deviation: -8353 D. t ie. -4231, 
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that this is due to the superposition of positive and negative Corneal Astigmatism for these grades 
of vision; it might also be due to low grades of vision having another source—i.e. in General 
Refraction rather than in Astigmatism. To test this point a table (CLX XVII) was formed for 
Corneal Astigmatism without regard to sign*, and the array-means both ways found: 


Grade of Mean Corneal Grade of Corneal Mean Visual 
Vision Astigmatism Astigmatism Acuity 
1-415 444 D. -00 D. +8963 
1-29 179 D. ‘75 D. -8009 
111 -348 D. 15D. -5760 
91 -494 D. 2-25 D. 4220 
“75 588 D. 3-00 D. +3621 
+58 908 D. 4-286 D. +2993 
37 1-306 D. ——_—_—__———— —- 
“25 1:378 D. General Population: “7883 
14 1-223 D. 
061 -838 D 
General Population: -660 D. 


It will be seen that when we pay no attention to sign of the Astigmatism the regression of 
Corneal Astigmatism on Visual Acuity still turns down at low acuity. We conclude accordingly 
that very low visual acuity has other chief sources than Corneal Astigmatism. The constants of 
the table are: 


Vision, Mean: aan ... °7883; Standard Deviation: -3567. 
Corneal Astigmatism, Mean: -6603 D.; Standard Deviation: +8235 D. 
Table CLX XVII. Visual Acuity and Corneal Astigma- Product Moment Correlation Co- 
tism (Astigmatism without regard to sign). efficient: r = — -4077 + -0179. 
Visual Acuity Correlation Ratio, Visual Acuity on 


Corneal Astigmatism: 
0” 74.04 = °177,587. 
Wr4.ca = 005,066 + -002,155. 
n"*y4.ca is thus definitely significant, 
and we have 9’ y4.04= ‘4214, indicating 
that the regression of Visual Acuity on 
Corneal Astigmatism is not so far from 
linear. 
Diagram 71 (p. 160) shows the two 
regression curves of which the more 
important one, that of Visual Acuity on Corneal Astigmatism, has been graduated with the 


weighted cubict: | _. .90285 — -12581ay4 — -054042%,, + -010362°o,, 


when Corneal Astigmatism is considered without regard to sign. 

Lastly, as we wanted to thrash out the whole question of Corneal Astigmatism and Visual 
Acuity we investigated the relation between the two on the basis of A and B’s records only, as 
we considered these as possibly more exact than those of C. Table CLX XVIII (p. 162) provides 
the data. 
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* The sign is after all very arbitrary, for we have taken as the first constituent of the aitroronce the corneal curvature 
in the principal axis nearest to the horizontal. : 
+ The corresponding weighted cubic for Corneal Astigmatism on Visual Acuity is 
Xg4 = 94163 + 2-37854y, , — 5-41543y?, , + 2-45889y3,,,. 
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Table CLX XVIII. Visual Acuity and Corneal Astigmatism (A and B only). 


Corneal Astigmatism in Dioptres (Central Values) The array-means for Visual Acuity are: 
E g a|Sis = E/B;a&l/siek a Grade of Corneal Mean Visual 
& i> : . : 
ae a Mas a a gal (ese see ee re “s Astigmatism Acuity 
— 1-50 D. -4000 + -1029 
Aehoe (esd ea =e. — 0-75 D. 6927 + -0594 
j490 | —|—]1 5 | 10 a 0-00 D. “7411 + -0231 
bB| 199 | — — 2 _ + 0-75 D. “7773 + 0167 
SB} pia |]/—!|—]—|] 4]12] 1 os = + 1-50 D. -5361 + -0407 
a 91 |—|—1| 5 | 45/90] 6| 2}—}]—]—j|— + 2-25 D. 4278 + 0480 
2 75 |—!11/3) 9/2921 5} 2}]12]/—j;—|]~— + 3:00 D. 3956 + -0767 
& 53 |—!|—|{2/]10}/18! 3!/5}]1/a}]nr]— + 4-083 D. 3389 + 0767 
=| 37 |/—|3]2] 9] 9/1}/e6}]4]2]/—[1 1Population*: Oll 
ah eg ea le Slpe od a | eal Be Nees fees General Population*: 6997 + 8 
14 )}—)] 1)]—?} 10 5 2; 2);—] 1 1 | — eta 
08 |e | el) BR heel od | ellie ef oe Mean, Corneal Astigmatism: -7048 D. 
04 |—|]—] 1 1 3) 2) 1 }/—J]—J—j— ape ° 
P| ean SE nae) bee ag ant P| (A eY Standard Deviation, Corneal Astigma- 
Totals | — | 5 | 15 | 99 | 191} 31 | 23} 9 2 


tism: -9421 D. 


We have ny 4.04 = -141,655, 74.04 = °018,325 + -006,536. 
n”y4.c4 18 thus quite significant, and we have 
n'va.ca = 3764. 


This is a somewhat less value than we found for A, B and C together, which pro tanto may be 
taken to confirm C’s work as far as Corneal Astigmatism is concerned. 


VISUAL AGUITY & CORNEAL ASTIGMATISM (OBSERVERS A&B onLy) 
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Visual Acuity Reduced to Working Scale 
Visual Acuity Srellea’s Scale 


° 


Astigmatism. in Dioptres 
Diagram 72, 


Diagram 72 shows the result graphically. It will be seen that it chiefly differs from the result 
for A, B and C together by the higher values for the array-means of Visual Acuity at — -75 D. 
and + -75 D. and the lower value at 0 D., a result which would arise if C were not very sure of 
his + -5 D. values. We have placed on the Diagram the cubic adapted to A, B and C’s observations 


* Standard Deviation: -3413. 


Visual Acuity 
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taken in conjunction. It will be seen to give a not unreasonable graduation considering the paucity 
of terminal observations in A and B’s series. (Note the probable errors recorded on p. 162.) 


(ix) Visual Acuity and Position of the Near Point. Our data are provided in Table CLX XIX. 
Table CLXXIX. Visual Acuity and Near Point Distance. 


Distance of Near Point (Central Values in mm.) 


1g oO 
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The constants of this table are the following: 
Vision, Mean: ... sie sald 8413; Standard Deviation: *3377. 
Distance of Near Point, Mean: 93-4284 mm.; Standard Deviation: 20-1580 mm. 
The array-means of Visual Acuity for different grades of Near Point are given below and will 
be found plotted in Diagram 73. It will be seen that from Near Point equal 7 cms. to 12 cms. 


VISUAL ACUITY & POSITION OF NEAR POINT 


ALIEN JEWISH BOYS 


@-@ Visual Acuity on Position of Near Poiat 
O--O Position of Near Point on Visual Acuity 


Visual Acuity Reduced to Working Scale 
Visual Acuity Sreller’s Scale 


Position of Near. Point in MM. 
Diagram 73. 


there is practically no change in the Visual Acuity. Only where the Near Point is in excess or 
defect of this range is the Visual Acuity influenced; it then drops from about -78 to -85 to about 


2I-2 
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‘65 to -74, but not further in the whole range of Near Point found. It is thus clear that the Near 
Point at any rate in Boys under 16 is not an important factor of Visual Acuity. 


Distance of Mean Visual Distance of Mean Visual 
Near Point (mm.) Acuity Near Point (mm.) Acuity 
55-42 -6663 100 +8486 
65 -7505 105 8605 
70 9294 110 8615 
75 +8376 115 *8596 
80 7973 122-19 8631 
85 +8265 132-22 - +6633 
90 ; +8867 151-90 -7362 
95 9324 


General Population*: -8413 


Determining the Correlation Ratio of Visual Acuity on Distance of Near Point we have: 
n”*y4.we = °045,425, 7? ra.np = ‘018,568 + -004,687. 
n’y4.wp is accordingly probably significant and 
”'va.np = °2131, 
about the lowest value we have found in discussing Visual Acuity with other ocular charactersf. 
Looking at the matter from the opposite standpoint, let us inquire what is the probable value 
of the Distance of the Near Point for a given Visual Acuity. 


Grade of Mean Near Grade of Mean Near 

Vision Point (mm.) Vision Point (mm.) 
1-42 71-071 +58 98-690 
1-29 95-065 +37 98-377 
111 94-755 +193 90-417 
“91 88-800 064 82-700 

75 97-500 ———_—_— 

General Populationt: 93-428 


These means are somewhat erratic, but the two terminals of the regression curve both indicate 
a less Distance of the Near Point when the Vision is very good or very bad. 

The closeness of the association is measured by the correlation ratio; we have: 

n’*yp.va = *062,957, Wyp.va = °010,610 + -003,557. 
Thus 7” yp.p4 is significant and n'np.va = °2456, 
a result slightly larger than that for y’74 wp. 

Diagram 73 shows these results graphically. It is clear that a small Near Point Distance may 
be associated either with good or bad extremes of vision, and a low Visual Acuity with either 
a near or a far Near Point. 

As both General Refraction and Near Point Distance are associated with Visual Acuity, it 
is a@ priori difficult to believe that the current measure of accommodation can be independent of 
Visual Acuity. 

() Refraction Class. We now take under consideration the relation of Refraction Class to 
other ocular characters. 

(i) We consider first the Refraction Class of Right and Left Eyes. The data for 450 Boys are 
given in the accompanying table: 


* Standard Deviation: -3377. 
{ The equation to the fitted cubic is 
VA =-87829 + 00177 ( 


{ Standard Deviation: 20-1580 D. 
§ The equation to the fitted cubic is: NP = 81-8539 + 65-13180 (VA) — 85-21275 (VA)? + 31-14415 (V.A)8. 


NP —90 


NP — 90 
5 5 


2 
) ~ 00012 ( 


) — 00294 ( 


NP —90\3 
=) 


KARL PEARSON anon MARGARET MOUL 165 


Table CLXXX. Refraction Class of Left Eye and Right Eye. It will be seen that out of the 

Refraction Class. Right Eye 450 cases only 74 occur in which 
the two eyes do not fall into the 
same refraction class, ie. 16-4 %. 


Emme- | ° . 
tropia Hyp. | H. A. |Mixed A.) M. A. M. Totals 


oO 

cay 

cs) 

# 

v ° . . 

4 | Emmetropia} 257 4 8 1 1 This is accordingly the measure of 
E yp. uo ” Pe is = Anisometropia in our Jewish Boys. 
‘@ | Mixed A. Ly 1 | 2 2 We have reduced this table in 
2 {MA. 6 = = 1 10 

3 |M. 10 = = eee 6 two ways: 

Ba] _——$$$_________ ° . . . 

@ | Totals 288 31 36 6 15 First, considering it as a fourfold 


table dividing into normal and the 
rest. It may be of interest to note that the Right Eye is anormal in 36 % of cases and the Left 
Eye in 38 %{—a difference hardly to be considered significant on our totals. The coefficient of 
correlation for this fourfold table is +, — .9249 + -0130, 


Right Eye a probable error which signifies very little for such a high 
Normal Anormal Totals correlation. ; 
g Secondly, we may treat the table as it stands by the 
| Normal 257 22 279 ‘ 
#2 | Anormal 31 140 171 | method of mean square contingency, a more reasonable 
A Totals 288 16 a0 one in this case as it does not suppose continuity of the 


constituent classes. We find 4” = 2-025,778, leading to 
a Coefficient of Mean Squared Contingency C, = -8182. Both 7,and C, point to a very high degree 
of association. But 7, assumes continuity and C, does not. It is not easy to suggest a single 
continuous variate controlling Refraction Class for this is determined by two characters, namely, 
General Refraction and General Astigmatism. We content ourselves therefore by saying that the 
association lies between +8 and -9. 

(ii) Refraction Class and Visual Acuity. The relation of these two ocular characters has already 
been fully dealt with (see our pp. 151 et seq.). 

(iii) Refraction Class and General Refraction. Table CLXXXI (p. 166) provides the requisite data 
and indicates as we might naturally anticipate a very high association. This must necessarily be 
so because General Refraction in combination with General Astigmatism determines absolutely the 
Refraction Class. 

The constants of this table are as follows: 

0” @n.ro = 562,722, Fer.rc = ‘005,556 + -002,362. 
Thus 7” ¢@p. rc is definitely significant and we have the high value 7’gr.r¢ = ‘7501. 
The array-means for General Refraction are: 


Refraction Class Mean General Refraction 
Hypermetropic Astigmatis 2-5423 D. 
Hypermetropia ... se 1-7206 D. 
Emmetropia... ate ds, +1786 D. 
Myopia os as gee — 14714 D. 
Myopic Astigmatism ace — 2-6156 D. 
Mixed Astigmatism aide 9231 D. 
General Population* wea 0962 D. 


Tt is clear that arranging our Refraction Classes as we have done the one disturbing element 
is the Mixed Astigmatism Class, which would be best as far as General Refraction is concerned if 
it were placed between Hypermetropia and Emmetropia. The results are exhibited graphically 
in Diagram 74 (p. 167), the sectorial areas representing percentages, and the lengths of the rays 


to the circle 0-0 D the refraction. 
* Standard Deviation: 1-5691 D. 
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Table CLXXXI. Refraction Class and General Refraction. 


General Refraction in Dioptres 


‘ EIS/Al[Bj eXxIS;/aessl es] Sle Bsleis{eisy 
Refraction Class SISlOl[ alo [al ala] S/S /4 [a latals 
al Veal lea t + sera + I I t Py dq 
Hypermetropic a eal 1| 3) 2/2 |10-5/6-5/245) 7| 55) 6 | — _ 
Hypermetropia —/|1)/2;1)] 6 {4 7 +15) 31 1 }—] — 
Emmetropia... ane aia 143 | 416 8 _ 
Myopia axe aoe —_ Il |65-5/31-5/17 | 6) 7 |— 
Myopic Astigmatism tes — _— 7-5| 10 4 85} 1) 1 }— 
Mixed Astigmatism a 1 3) 75] 1 0-5 
Totals Sas awe wef 1] 4] 4] 3 | 16-5 /10-5) 32-5 | 25/187 | 442-5) 84 | 35-5) 25-5} 7} 8 | — 


(iv) Refraction Class and General Astigmatism. Like Refraction Class and General Refraction 
the relationship of these two variates is largely produced artificially by the limits attributed by 
investigators to the various classes. For this reason it is desirable to place not only the Central 
Values but the subgroup ranges by the side of the table. They explain how the classification 
into refraction classes has been made. 

Table CLXXXII. Refraction Class and General Astigmatism. 


Refraction Class 


Central Hypermetropic ' ; : Myopic Mixed 
g | Values Range Paice Hypermetropia| Emmetropia Myopia Aatiowie tain Astigmatism Totals 
fs |-————. 
5! 3-00 3-375 to + 2-625 0-5 = = = = = 0-5 
A 29-25 2-625 to + 1-875 1-5 = _ — — = 15 
‘g | +1:50 | + 1-875 to + 1-125 2 ee 22 = 15 0-5 4 
gq | +075 | + 1-125 to + +375 6 4 26 14 q = 57 
a 0-00 | + -875 to — -375 <= 60 491 111 — a 662 
$1 —0-75 |} ~ -375 to — 1-125 14 4 50 18 13 3 102 
& | —1-50 | — 1-125 to — 1-875 14 — = — 6-5 3-5 24. 
‘S| —2-25 | — 1-875 to — 2-625 16-5 = — — 10 3 29-5 
<4 | —3-00 | — 2-625 to — 3-375 55 = — — — 1 6-5 
g | —3:75 | — 3375 to — 4-125 4 = = = 3 2 9 
8 | —4-50 | — 4-125 to — 4-875 3 — _— = _ = 3 
& — 5:25 | ~ 4-875 to — 5-625 1 = — _ — — 1 

Totals — 68 68 567 143 41 13 900 


If the reader will turn to our definitions of the Refraction Classes (pp. 113 and 140), he will 
understand why small amounts of astigmatism, minus or plus, will be found to occur in the 
emmetropic, hypermetropic and myopic groups. All values for the cylinder lying between 
— 0:75 D. and + 0-75 D. were not included in the astigmatic groups. 

Examining the table as it stands we may find the mean of General Astigmatism, with or 


without regard to sign, for each Refraction Class. We have: 
Mean Astigmatism 


Refraction Class Regarding Sign Disregarding Sign 
Hypermetropic patente — 1-5662 D. 1-9301 D. 
Hypermetropia —... -00 D. 0882 D. 
Emmetropia... ee aes — :0317 D. -1005 D. 
Myopia... tee — -0206 D. -1667 D. 
Myopic Astigmatism ye — 1-1438 D. 1-5000 D. 
Mixed Astigmatism aes — 1-8462 D. 1-9615 D. 
General Population* ae — +2192 D. -3376 D. 


These results show us that Astigmatism is least when myopic, greatest when mixed, and inter- 
mediary when hypermetropic. In the non-astigmatic groups, the average astigmatism is really 
negligible, except in the case of myopia, where however it is less than a fifth of a dioptre. 

We may further illustrate the distribution of General Astigmatism in the various refraction 
categories by classifying our astigmatism into larger groups and using rather doubtful percentages. 

* Standard Deviation: Regarding Sign, -7215 D; Disregarding Sign, -6742 D. 
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Table CLXXXII1 a. Percentages of Refraction Class for each Astigmatism. 


Central Hypermetropic| Hyper- Emme- ; Myopic Mixed General 
Values Group Range Degree means tropia | Myopia | Astigmatism | Astigmatism || Population 
+ 18125 D. | Above + 1-125 D. 66-7 % 00% | 00% | 00% | 250% 8-3 %, 0-7 %, 
+ -75D. + 1-125 D. to + -375 D. 10-0 71 46-0 24:8 11-5 0-6 6-3 
-00 D. + +375 D to — -375 D. 0-0 9-0 74:1 16-9 0-0 0-0 73-7 
— -75D. — ‘375 D. to — 1-125 D. 13-8 3-9 49-3 17:7 12-3 3-0 11-2 
— 1:9135 D. | — 1-125 D. to — 2-625 D. 57-0 0-0 0-0 0-0 30-9 12-1 5-9 
— 3-6923 D. | Below — 2-625 D. 69-2 0-0 0-0 0-0 15-4 15-4 2-2 


This table is easy of interpretation: consider a number like 17-7 % in the myopic column. 
This signifies that 11-3 % of the population had General Astigmatism between — -375 D. and 
— 1-125 D. and that of this percentage 17-7 % were myopic. These individuals all had astigmatism 

REFRACTION GLASS %& GENERAL REFRACTION 


ALIEN JEWISH Boys 


REFRACTION CLASS & GENERAL ASTIGMATISM 


WITHOUT REGARD To SIGN (OBSERVERS A,B & GC) 
ALIEN JEWISH BOYS 


Diagram 74. Diagram 75. 
between — -375 D. and — 75 D.; for had it exceeded — -75 D. numerically they would have been 
reckoned as myopic astigmatics. Such a table while it tells us for each range of astigmatism what 
proportion of each refraction class to expect, does not tell us for each refraction class what pro- 


portions fall in each astigmatic range. In order to ascertain this we must work our percentages 
vertically instead of horizontally. We find: . 


Table CLXXXIII b. Percentages of Astigmatism for each Refraction Class. 


Central 


Hypermetropic Hyper- Emme- Myopic Mixed 


Values Group Range Astigmatism metropia tropia Myopia Astigmatism | Astigmatism 
+ 1-8125 D. | Above + 1-125 D. 0-0% 0-0% 0-0% 
+ -75D. + 1-125 D. to + -375 D. 5-9 4-6 9-7 
OD. + -375 D. to — -375 D. 88-2 86-6 778 
—-75D. — 375 D. to — 1-125 D. 5-9 8-8 12-5 
— 1-:9135 D. | — 1-125 D. to — 2-625 D. 0-0 0-0 0-0 


— 3-6923 D. | Below — 2-625 D. 0-0 0-0 


16-0 


General Population 63-0 
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The meaning of this table is as follows: Consider 44-9 % in the column of Hypermetropic 
Astigmatism. In the General Population there are 7-6 % of boys with hypermetropic astigmatism ; 
of this group of boys 44:9 % have General Astigmatism with the rule lying between — 1-125 D. 
and — 2-625 D. 

If we wish to obtain a general measure of the association of Refraction Class with General 
Astigmatism we can turn to the correlation ratios of General Astigmatism on Refraction Class. 
We have: 

Regarding sign: 

n”@a.ro = ‘471,068, Pearce = '005,556 + -002,363 ; 
n¢4.ro iS thus substantially significant, and 
n'aa.ro = °6863. 
Disregarding sign: 
n”"@4.ro = °735,907, Wes.re = 005,556 + -002,363; 
n”@4.rc 18 thus still more substantially significant, and 
7'ga.rc = *8578. 

We thus obtain the higher relationship by paying no attention to the arbitrary sign of the 
astigmatism. A general idea of the relation of Refraction Class to General Astigmatism may be ob- 
tained from the accompanying radiogram, Diagram 75 (p. 167), where the areas (or angles) represent 
the percentages in the given refraction classes and the rays the astigmatism disregarding sign. 


(v) Refraction Class and Corneal Refraction. Our data are given in the following table: 
Table CLXXXIV. Refraction Class and Corneal Refraction. 


Corneal Refraction (Central Values) in Dioptres 


Refraction Class 


39-625 


Emmetropia.. 
Hypermetropia 


Bee OO 


Hypermetropic Astigmatism 

Mixed Astigmatism... is 

Myopic AARC LAR 
Myopia aie 


| 


lee Fa 


wl] {|| | ~-| 47-125 


fo) 


Totals 


The Mean Corneal Refractions for the various Refraction Classes are as follows: 


Emmetropia... tee vee oes ave 43-5455 D. 
Hypermetropia 7 ae is 43-6712 D. 
Hypermetropic Astigmatism Sate He 43-7635 D. 
Mixed Astigmatism sae ans ae 44-3713 D. 
Myopic ales pas aces es a aoe 44-3942 D. 
Myopia oo see ne ie 44-5630 D. 
General Population* aoe vs 43-4896 D. 


The relations here are nothing like as close as in ihe case of Refraction Class and General 
Refraction, but they are in the same directions in each case. The accompanying radiogram 
exhibits them graphically. 

If we desire a single measure of the relationship we have: 

7” or.ro = *019,084, For.ro = °005,669 + -002,411. 
Having regard to or. rc, 1” or. rc i8 definitely significant, and we have: nor. zc = 1381, less than 
* Standard Deviation: 1-5349 D. 
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a quarter of the relation we have found for General Refraction and Refraction Class. To measure 
to some extent the degree in which this rather low association has been influenced by combining 
A, B and C together, a table was worked out for A and B only. This is given below: 


Table CLXXXV. Refraction Class and Corneal Refraction (A and B only). 


Corneal Refraction (Central Values) in Dioptres 


Refraction Class =~/Oo/l/s 7 oO/Se }olaelsta i oys [ola l/ol]alts mo So}a 1s 3 

SIS/SI/SIS (|S Sl lHelSAlAl~Sl/SySFl Sl sla) aya asia 
Emmetropia ... sae se f —}]—!]—]— |] 1 2| 2 6 | 10 | 15 | 23 | 29] 31 | 23 |] 14 | 13 | 13-5] 15) 1 2 | 187 
Hypermetropia oes ou _ 2;-—-; i] 7] 7; 10; 8] 6; 2] 47 2 2 1{—!| 62 
Hypermetropic Astigmatism 3 3] 1 3/ 5; 2] 3] 4] 3/—!—] 3 — |—!|]—] 30 
Mixed Astigmatism... . — ] —| 2 2 I l 2 —|— 9 
Myopic Astigmatism a 1 2; 2) 4) T]} 4) 1] — | —j—|t—] 15 
Myopia eae 1}]—]|—]—] 38);—j;—] 1 6; 2; 2} 4; 11} 9; 5] 5} 8 4 —!—] 61 
Totals iis me we { L}—}]—f—] 8] 2 71 9 | 20! 31 | 36 | 50 | 58} 42 | 26 | 23 | 27-5) 95] 2 2 | 354 


REFRACTION CLASS & CORNEAL REFRACTION 
REFRACTION GLASS &% CORNEAL REFRACTION (OBSERVERS A&B owiy)_ALIEN JEWISH Bi 


(OBSERVERS A,B&C)_ ALIEN JEWISH BOYS 


a 


one 


Diagram 76. , Diagram 77. 

The array-means are as follows: 

Emmetropia ... See ics a aoa re 43-9846 D. 

Hypermetropia vee woe ae os oe 43-9808 D. 

Hypermetropic Astigmatism 233 oo ane 43-0250 D. 

Mixed Astigmatism ... sist ani a ta 44-1250 D. 

Myopic Astigmatism bed ae ies ane 44-1583 D. 

Myopia LER asi wis ie3 ae ee 44-1824 D. 

General Population* vee es ee ane 43-9477 D. 
We find: ncr.ne = 038,293, Por. = 014,124 + -005,983, 


7” on. ro IS accordingly significant and we have: 
n' oR. RC = +1957. 
* Standard Deviation: 1-4916 D. 


EUGENICS Uy, 1 & 11 22 


170 PROBLEM OF ALIEN IMMIGRATION 


This value is somewhat higher than we have found when C is combined with A and B, and is 
therefore a slight argument for treating them apart. The radiogram in Diagram 76 may be com- 
pared with the present one, Diagram 77 (see p. 169). 


(vi) Refraction Class and Corneal Astigmatism. We can hardly expect the relation between 
Refraction Class and one factor of Astigmatism to be as great as between Refraction Class and 
the total Astigmatism. Still Corneal Astigmatism is on the whole capable of more accurate 
measurement than General Astigmatism (without a mydriatic) and we have confined ourselves 
to the observations of A and B. Table CLXX XVI gives their results. 


Table CLXXXVI. Refraction Class and Corneal Astigmatism. 


Refraction Class 


] 
Corneal Astigmatism| Hypermetropic ‘ , ‘ Myopic Mixed 

in Dioptres Astigmatism | Hypermetropia; Emmetropia Myopia Seren tha Astigmatism | Totals 

— 1:50 2 — 1 2 — — 5 

— 0:75 — 3 8 2 — — 13 

0-00 2 17 55 21 3 oo 98 

+ 0°75 6 27 110 32 5 _ 180 

+ 1-50 5 4 9 3 3 3 27 

+ 2:25 4 —_ 4 1 4 2 15 

+ 3-00 4 1 — — — 1 6 

+ 3-75 3 —_ — — 1 2 6 

+ 4:50 2 _— — — _ — 2 

+ 5-25 2 — — —- — — 2 

Totals 30 52 187 61 16 8 354 


The array-means are as follows: Mean Corneal Astigmatism 


; Refraction Class Disregarding Sign Regarding Sign 
Hypermetropic aeneneuen 2-2250 D. +--1052 2-0250 D. +--1123 
Hypermetropia oa -6058 D. + -0799 +5192 D.+-0853 
Emmetropia... mn re *6016 D. + :0422 5214 D.+-0450 
Myopia ae 5779 D. +--0738 4303 D. + -0788 
Myopic Astigmatism | _ 1-3125 D.4--1441 1-3125 D.+:1538 
Mixed Astigmatism vi 2-4375 D. + :2038 2:4375 D.+:2175 
General Population* ae 8093 D. +0306 ‘7119 D.:0327 


The array-means clearly differ significantly from the mean of the General Population. Their 
values are shown graphically in the radiogram, Diagram 78 (p. 171). 
Turning to the correlation ratios we have: 
Disregarding sign: 7"¢4.r¢ = *382,300, Pos.ro = 014,124 + -005,975. 
Regarding sign: 794 ro = °322,134, Poa.ro = (014,124 + -005,975. 
Clearly both 7’¢4.2c’8 are significant relative to the 7?¢4 208. Hence we find: 
n'ca.rc = 6183, paying no attention to sign, 
= -5676, paying attention to sign. 
The corresponding values for General Astigmatism and Refraction Class aret: 
n'aa.ro = °8578 and +6863. 
* Standard Deviation: Disregarding Sign, -8547 D.; Regarding Sign, -9121 D. 
+ If we may make some not very wild assumptions, we can deduce from these figures some appreciation of the 
association of Lenticular Astigmatism and Refraction Class. Let u = General Astigmatism, 2 = Corneal Astigmatism, 


y = Lenticular Astigmatism, v = Refraction Class. We need r,,, knowing fy, Ty, and 7,,. Roughly du = — dx — dy. 
oyP Uv a O17 uv 


Now o,= V 642 + Oy? + WguFy0,. Hence we easily find a as Ee ee Toy: But o, = °7374, o, = -8157, 
while, if we may replace correlation coefficients by correlation ratios, r,, = -8578, 7,, = — °6183 and r,,, = — -6947 dis- 
regarding sign of the Astigmatism, and remembering how Corneal Astigmatism is measured. There results: r,,, = — -2098, 


or we conclude that Lenticular Astigmatism is far less influential than Corneal in determining Refraction Class. 
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(vii) Refraction Class and Near Point. Table CLXX XVII provides the data for considering 
thi tter. 
yee Table CLXXXVII. Refraction Class and Near Point. 


Near Point (Central Values) in mm. 


Refraction |oi ele! o2f|olwelalseielels|/ele 21% 
Class aw 7p kd | =) ~ ~ feo) Olata S J = halt oi} 
Emmetropia 1} 3]8/10 {27 |29 |57 |53]70]61)| 39/25) 24 1{— 
Hypermetropia |-—-|—|—/ 2 8 3 7 6; 3) 2) 3] l]J— 
Hypermetropic 
Astigmatism — 1 I] 2) 2] 4} 6] 2 
Mixed 
Astigmatism |—|--|—| 0-5] 05} — | — |—| 1] 2] 1} 1 
Myopic 
Astigmatism |---| 1 | 1 | 2 3 6 4 21 3) 2)/—] 2] 1 
Myopia —}2/1/9 | 8 | 75/145 ale 9/10] 6] 2 —|— 
. . 5: . 5 es 
Totals 1 | 6 | 10| 23-5 | 46-5 | 45 5 | 83:5 76 | 89 | 78 | 57| 41 | 29 (Ee all 


REFRACTION GLASS & CORNEAL ASTIGMATISM 
WITHOUT _REGARD TO sign (OBSERVERS A&B ONLY) 
; REFRACTION GLASS & POSITION OF NEAR POINT 
ALIEN JEWISH BOYS 
—SSSS ALIEN JEWISH BOYS ‘ 


Diagram 78. Diagram 79. 


We have the following system of array-means: ecaapelans 


Refraction Class of Near Point 
Hypermetropic Astigmatis 108-929 
Hypermetropia ... ae 91-429 
Emmetropia... tite hie 94-037 
Myopia ove ose one 90-070 
Myopic Astigmatism see 89-688 
Mixed Astigmatism rc 105-313 
General Population* wk 93-800 


The radiogram in Diagram 79 shows the distribution of near points. For a general measure 
of the association we have: 2, no = -033,945, Pyp.rc = ‘007,143 + -003,035. 
* Standard Deviation: 20-269 mm. ‘ 


22-2 
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7 ~p.ro differs therefore significantly for 7 yp.rc, and we have: 


7’ NP.RC = 1842, 


corresponding to a definite but not very high degree of association. 
(c) General Refraction. (i) We take first the General Refraction of Right and Left Kyes. 
Table CLX XXVIII provides the data. 


Table CLX XXVIII. General Refraction. Right Eye and Left Eye. 
General Refraction. Right Eye 


ei/Ssieisgiz£islalsi|s«s Ss 4S) 84S pe s-|a) Sle = 
oo | o | + | or) a | a } } } 4 alailioaldal]lsio|]s ) Totals 
+ + + + + + + + + | | | | | | | | | 
+ 6-95 1 1 
+ 6-00 1 2 3 
a 5-25 1 : 1 
| + 4:50 — |} 05] 1 1-5 
e|+ 37 /—|—}2].1 | 2 | 1613 brat teas 65 
3 3-00 3/12 |2 = 7 
: 2-25 75 | 4 | 35] O85 15-5 
a| + 150|—|—|—|—]1/—]4 |] 3] 4 2 14 
314 07 |/—}]—}/—]—]1]—]15} 41755) 85] 15) 1 1 94 
3 0-00 1 |--| 9 | 197-5 | 13 220-5 
4 0-75 a eS aes | 8 | 24515 | 05 39 
a 1:50 2 5 |7 |2 16 
@ | — 225 = ca We ae oe Pe a a ee ee —| 7 
g 3-00 = 1 | 2 3 
& 3-75 n 1 | 2 4 
4-50 qe 
St |e Pee, Done, cen Wea Coe, eats pean eet ee er a eae ee eee ee, Bre me ee 
BOO a ee | ae) ee el ea = facie ery (eee (aaa EA Eee en a a 
a oy ones ee aes eae) (ee mem [eee [ear Reece] Ue ee ag sk arent patent (wesmens emer, pon (Es (2g ea =a ee 
DBT acas |pce se | ed ee cee toe ee hte ly yet “th Tae eR ek [lame ie te Re Ia thas 1 l 
Totals |— | 1] 3 |15|10/ 35/17/11 | 93 | 222 | 45 1195/85) 4] 4/--| 3/1] 2 1 | 450 
The constants of this table are as follows: 
Mean, Right Eye: wie .. +0975; Left Eye: + -0950. 
Standard Deviation, Right Eye: 1-5172; Left Eye: 1-6195. 


Product Moment Correlation Coefficient: r = -9229 + -0047. 
The association is thus extremely close. The regression lines are shown in Diagram 80, and have 
for their equations, xz and y,, being General Refraction of Right and Left Eyes respectively: 


The array-means are as follows: 


Gz, = 9851xp — -0010, 
Lp = -8646y, + 0154. 


Grade of General 


Refraction, R. Eye | Refraction, L. Eye 


Mean General | Grade of General 
Refraction, L. Eye 


Mean General 
Refraction, R. Eye 


in Dioptres in Dioptres in Dioptres in Dioptres 
+ 4:26 4-0645 + 4-702 4-1538 
+ 2:38 2-2134 + 2-48 2-1000 : 
+ 1-50 1-5000 + 1-50 1:4464 
+ 0-75 -7500 + 0-75 6503 
0-00 — 0287 0-00 — -:0034 
— 0-75 — 6000 — 0:75 — -6731 
— 150 — 15962 — 1:50 — 1-1719 
— 2-25 — 2-2500 — 2-25 — 1-8529 
— 3-375 — 3-3750 — 4-291 — 4:3929 
- — 6-86 — 5-8929 
General Population: + -0950 General Population: + +0975 
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(ii) General Refraction and Acuity of Vision. This has already been dealt with: see our pp. 153 
and 154. 


(iii) General Refraction and Refraction Class. The same remark applies: see our pp. 165-167. 
(iv) General Refraction and General Astigmatism. Here as previously General Refraction is taken 
to be that in the principal meridian nearer to the horizontal, while General Astigmatism is taken 


GENERAL REFRACTION, LEFT EYE & RIGHT EYE 
ALIEN JEWISH BOYS 


@—®@ Left Eye on Rifkt Eye 
O---O Right Eye on Left Eye 


General Refraction in Dioptres. Left Eye 


Gereral Refraction ix Diogires. Right Eye 
Diagram 80. 


as Refraction in the principal meridian nearer to the vertical less Refraction in the principal 
meridian nearer to the horizontal. The following table gives our data: 


Table CLXX XIX. General Refraction and General Astigmatism. 


General Refraction in Dioptres (Central Values) 


% |(Central iS Ble /Sle ssl al sles ;syasys fs ie 19 4 
& | Values)| S/he PT MeL eT ie te tela ore 
° 

A | 4 1-50 2 1 — _ —| 3 
Al 4075 | — 1} 6] 22/15] 3] 4] 1 — —| 54 
gq] 000 | — 13 | 146] 380) 56 | 24/11] 6| 5 ;/—}| 5|/—j1 = — | 663 
#2 --0-75 | — 4} 30] 34 9} 7] 6/—| 2 —|—]1 — —- | 104 
4 1-50 4} 3] 31 1}—|] 1}/—] 1 —_ 1 | 25 
| — 2-25 2/ 11 21 1 3 1] 2 1 —| 31 
Be — 3-00 | — —-|] 1 —_ 7 
“| _ 3.75 7 as ger eee me eee (en eee a 9 
@| —4-50] 1 ae a 3 
ql 5:25 _ — —| 1 
® wees pa 

© | Totals | 1 25 | 1881443| 838 |35|25) 7/8}—| 711] 4 1 1 | 900 
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The constants of this table are: 


We have the following system of array-means: 


Thus both 7”’s are significantly different from their 


Refraction in Diogires 


Astigmatism, then 


Grade of Refraction Mean Astigmatism 


Grade of Astigmatism 


Standard Deviation: 


General Refraction, Mean: + -1050 D.; 1-5759 D. 
General Astigmatism, Mean: — -2375 D.; Standard Deviation: +7407 D. 
Product Moment Correlation Coefficient: r = — -2490 + -0085. 


Mean Refraction 


+ 5-365 D. — 23077 D. + 0-789 D. — +3026 D. 
+ 3-75 D. — 1-6765 D. 0-00 D. -+ -0192 D. 
+ 2-335 D. — 13571 D. — 0-75 D. + +1587 D. 
+ 1-50 D. — +6600 D. — 1-50 D. + -6300 D. 
+ 0-75 D. — -1676 D. — 2-386 D. + -9671 D. 
0-00 D. ~ 0339 D. — 4-038 D. + 2:3077 D. 
— 0-75 D. — 0361 D. 
— 1-50 D. — +0429 D. 
— 2-25 D. — +3900 D. 
— 5-146 D. — 7241 D. 
General Population: — +2375 D. General Population: + -1050 D. 
Correlation Ratios: 7¢p.¢4 = °107,073, Per.ga = ‘010,000 + -003,162, 
1 ¢4.GR = -403,995, o4.0R = 021,111 a& 004,568. 


n' G@R.GA = 3272, 


GENERAL REFRACTION & GENERAL ASTIGMATISM 
ALIEN JEWISH BOYS 


@—@ Refraction on Astigmatisn 
O---O Astigmatism oz Refraction 


0-0 1-0 -2-0 
Astigmatism. in Diogtres 
Diagram 81. 


—99 
7's, 


and we have: 


0 ‘GA GR = 6356. 


A=R,-— k,, 


It is clear therefore, comparing with 
the value of 7, that the regressions are 
not closely linear. An examination of 
Diagram 8] indicates that for practical 
purposes it would not be possible to 
treat the regression of astigmatism on 
refraction as linear but that linearity of 
regression is not very far from the truth 
in the case of the regression of refraction 
on astigmatism. We have the following 
regression line in dioptres for the latter 
case: 

Probable General Refraction = —~ +5297 x 
(given General Astigmatism) — -0208D. 

(iv) bis. We can, however, obtain a 
good deal more information from such 
a table as the present, remembering that 
we are here paying attention to the sign 
of the General Astigmatism. We first 
note, that if A represents the General 


where R, and R, are the refractions in the principal meridians, R, corresponding to that in the 
meridian nearer to the horizontal, i.e. what we have above termed the General Refraction. We 
can therefore deduce indirectly the Mean and Standard Deviation of R, and its correlations with 
A and R,. We have: 
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Mean R, = Mean A + Mean R, = — -1325 D. 
CR, — Standard Deviation of R, = Vos + Ore + 204° pT aR, = 1-5655 D. 
Tike = (C47 am + FR,)/Or, = 8889, 
VT ARs => (o4 + Or, 47) Ra = + +2225, 
We see that the variability of R, is very nearly equal to that of R, (1-5759 D.), and so also are their 
correlation coefficients with A, but these are naturally of opposite sign. As we have found that 
Y 4p, 18 no measure of the relationship of General Astigmatism to General Refraction we may expect 


that 74, will not be so either. On the other hand, we expect the regression of R, on A will be 
nearly linear in which case: 


Probable Value of R, = -4703 (given General Astigmatism) — -0208 D. 
Comparing with the equation for the probable value of R, on p. 174, we deduce, as we ought to: 
Probable Value of R, — R, = given General Astigmatism. 
We have tested the general accuracy of the above results by forming a correlation table for the 
refractions in the two principal meridians, i.e. for R,; and R,. 


Table CXC. Refractions in the Principal Meridians of the Eye. 
R, the Refraction in the Principal Meridian nearer to the Horizontal in Dioptres 


[ , 
LCISISISILISIRAISISISIRISISlISI&(BSyalsss is ze | 4 

$ oP odo /olHeilala lala yS lS |/SlAHiAlal aia] Holo] s N is 5 
8 +/+] F]ty + ty] ty ry ey ey typi pe) | | | ae) 
= aol 
A | + 6-00 1 1 
g{+ 525;/—[12/2)—]1}/—|—|—]|—|—]—|/|—|-|—- — — —| 4 
a{+ 450)—}]—|—|}—j}—|—]—]—}—-}—-|—]-]-|}|-—);-|-|-]-|- — St) = 
S/4 375}—}—j)—|]1},5})—);—}|—t—|—]—/}—|—|—J]—-—]-—-l}-|—)|- = —| 6 
&/ + 300;—}—);—}—] 1/4] 1)/—}—/]—|/—}]—[|—]}]—-J|—-}]—-|-|]-]- — —| 6 
>|+225]/1)/—]1})3]/ 3,1] 4/—] 2}—J—);—l—/—|—]-—i-—-|J—-[- = —| 15 
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The constants of this table are: 
R,, Mean: + -1050 D. + -0354; Standard Deviation: 1-5759 D. =: -0251. 
R,, Mean: — -1342 D. + -0356; Standard Deviation: 1:5822 D. + -0252. 
There is thus a very distinct difference in the mean refractions in the horizontal and vertical 
principal planes, the mean value of R, being negative, or the curvature is greater in the vertical 
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principal meridian than in the horizontal principal meridian. There is no significant difference 
between the variabilities of R, and R,. The values of the mean and standard deviation of R, 
are in fairly close agreement with those obtained indirectly*. 
Further, we have: 
Product Moment Correlation Coefficient: r = -8965 + -0044. 


Correlation Ratios: 7’*z,.r, = 864,867, P,.R, = 021,111 + -004,568, 
7 2,.R, = *810,097, 7 n,n, = °023,33 + -004,797. 
Thus both »”’s are significant when compared with their 7?’s and give the high values: 
1’ m.r, = *9300, 7mm, = °9001. 


Diagram 82 represents the two regression curves. It will be seen that the differences between 
the correlation coefficient and the two correlation ratios are marked, for neither curve is truly 
linear. The cubic graduations are: 


R, = — :09451 + -88292R, — -05904A,? — -00281 2,3, 
and R, = :18442 + -90357R, + -024652,? + -001402,', 


giving the probable values of R, and R, for given values of R, and R, respectively. 
The array-means are given below, all in dioptres. 


GENERAL REFRACTION R, % Rz IN PRINCIPAL MERIDIANS 


ALIEN JEWISH BOVS 


In Dioptres @—e Rez on R, 
Grade of R, Mean of R, -10-0 O--O Ry on Re 


+ 445 2-5250 3 
+ 3:00 1-6364 3 
+ 2-25 +8226 3 
+ 1:50 -8700 _) 
+ 0-75 +5825 
0-00 — 0339 
— 0-75 — 8225 & 
— 1:50 — 15429 8 66 
— 2-25 — 25800 & 
~ 3-40 - 34500 § 
— 5344 — 6-5625 
— 9-250 — 10-8750 3 40 
General Population: — +1342 = 
In Dioptres a =r 
Grade of Ry Mean of R, § 
+ 4015 3-9706 § 
+ 2-25 3°3500 & 
+ 150. 1-5278 goles eee eet eA Ne on ee es 
+ 0°75 -9206 rs 
0-00 _ 1419 g 
— 075 — 44120 § 
— 1-50 —~ 41-2384 = lo RTT 
— 225 ~ 16125 & #0 
— 3-00 — 2-0625 = 
— 3°75 — 33000 
— 5156 — 41250 
— 10-167 — 8-0000 40 
General Population: + +1050 
6-0 
6-0 4-0 20 0-0 “20 “40 -6°0 “8-0 =10°0 
R, in Diogtres. Refraction in Principal Meridiaz nearer Horizontal 
’ Diagram 82. 


* Theoretically they should agree exactly, but the use of Sheppard’s corrections upsets this absolute agreement. 


Table CXCI. General Refraction and Corneal Refraction. A, B and C. 
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It will be noticed that for positive grades of R, the mean R, is less than the grade of R,, but that 
for negative grades of R,, R, is numerically greater, usually considerably greater, than R,. On 
the other hand, the mean value of R, is usually larger than the corresponding value of R, for 
positive grades of the latter, but is numerically less, generally considerably less, for negative 


grades of R,. 


(v) General Refraction and Corneal Refraction. We shall work this out for A, B and C observers 
combined and then for A and B alone. For the former we have the table: . 


The constants of this table are as follows: 


sTeIOL, |-+seboeacagegee oat | oy General Refraction, Mean: + -1314 D.; 
= — Standard Deviation: 1-4047 D. 
aia | ES ode Corneal Refraction, Mean: 43-4898 D.; 
SBI-LF | rise Riess i de iirek ie iiss Standard Deviation: 1-5349 D. 
©Z9-9F | Bi iis ta ernst pital EE Product Moment Correlation Coefficient: 
ae r= — 0994 + -0225. 
21 19% im 
neue | HI} Tiaaargeaca|l~11/%) general REFRACTION & CORNEAL REFRACTION 
229-CF | ES Di a ace aad (On ca | (OBSERVERS A,B&C) ALIEN JEWISH Bovs 
ccr-ar | | [er [Smog e tH | le | | E @-— -@ Geceral Refraction on 
=| Corneal Refraction 
E SG9-FF | = | | coca au ms ap re o¥ on Je lala FE ect) sas ase em 
> 
Z|sm [lll iscmsaggeses ye 7) = (8 a 
q & 
S| eoor |] 11 18° So8goe4i 111 11/2] % 
E A 
& | eater | Ll laendadagocan | | | fa E gs 
A fx Ble} P 
A 2 
g woe | fal [~lanSSaen lal inl |e 3 
ae) Ss 
3 HOO [wrote Yel 
gisee {1 ee ivelels 
q[sow[llimtittraee iii iii {s] 3 
& eer | | lo alanis cs | o | | E 5 
cane) Ue ea ee al eo a= 
eavor | = a lala frontal] | | | | E 
soee | II Iii lass lili ililife 
ST-68 | OPT en eT Al Veseaced at P | = 38-0 40-0 420 440 46-0 480 
aoe Tt PSR PE RISC EE EEA | | Correal Refraction ix Dioptres 
Di 83. 
erse |! FI TTI IIe til itiide — 
SSASRSRAZRSLSASKBZASE |Z Diagram 83 indicates that only the first three and 
| eee he & | the last array-means, where in all cases we have small 


(sone A [erquag) sorydorq, Ul UOTZOeAJOY [veuIOH 


EUGENICS I, 1&1 


numbers, lie off the mean line in the case of the re- 


gression of Corneal upon General Refraction. 
23 
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Indeed we have: 
0” Gr.or = 025,986, Per.cr = 015,873 + -004,013, 
and 7 er.cr = *1612, 
a possibly significant, but very small association. 
The other way round we have: 
1” on.ar = 044,729, Por.ar = °019,274 + -004,413, 
thus 7” or.¢r is significant and 7’cor.gr = °2115. 
The array-means are as follows: 


Grade of Mean of Grade of Mean of 
Corneal Refraction General Refraction General Refraction Corneal Refraction 
39-325 D. + -2250 D. + 5-438 D. 42-0833 D. 
40-383 D. + :3864 D. + 3-458 D. 43-3843 D. 
41-125 D. + -3036 D. + 1:942 D. 43-0175 D. 
41-625 D. + 3571 D. + 0-75 D. 43-6609 D. 
42-125 D. + 3100 D. 0-00 D. 43-4815 D. 
42-625 D. + -3497 D. — 0-75 D. 43-6656 D. 
43-125 D. + -1351 D. — 1-50 D. 43-4067 D. 
43-625 D. + +2002 D. — 2-25 D. 43-4583 D. 
44-125 D. — -1364 D. — 4-47 D. 43-7850 D. 
44-625 D. + 1641 D. 
45°125 D. — -2033 D. 
45-625 D. — -1563 D. 
46-125 D. — +1221 D. 
46-807 D. + -4318 D. 
General Population: + -1314 D. General Population: 43-4898 D. 


The corresponding cubics are: 
E.R. = 43-5296 — -022,173 (@.R.) — -017,227 (G.R.)? — -004,391 (G.R.)%, 


G.R. = -11456 — -07449 (C_R. — 43-125) — -00049 (C.R. — 43-125)? + -002463 (C.R. — 43-125), 
both being weighted. 
The surprising point is the very small, indeed almost negligible, association of these two 
refractions. We therefore repeated the inquiry for A and B’s records only. 


Table CXCII. General Refraction and Corneal Refraction. A and B only. 


Corneal Refraction in Dioptres (Central Values) 
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& | — 675 | — 1} 1 = = 2 
Totals 1 8 2 7 9 20 | 31 | 36 | 50} 58 | 42 | 26 | 23 |27-5] 95] 2 2 | 354 
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While the constants differ somewhat for this shorter series, the general result is the same. 
Our correlation is very slender and hardly differs from the previous correlation by more than the 
error of random sampling: 


General Refraction, Mean: -2871 D.; Standard Deviation: 1-5709 D. 
Corneal Refraction, Mean: 43-6250 D.; Standard Deviation: 1-4926 D. 
Product Moment Correlation Coefficient: 7 = — -1358 + -0353. 


We have for the correlation ratio of General Refraction on Corneal: 


n GR.OR = 066,574, 


ar.cr = 032,182 as 008,935. 


Thus 7”or.cr is significant and 7’¢r.cr = ‘2580, but although Diagram 83 bis suggests some 


Gereral Refraciion in Diogtres 


GENERAL REFRACTION & CORNEAL REFRACTION 
(OBSERVERS A & B onLy) ALIEN JEWISH BOYS 


@—-—@ General Refraction on 
Corneal Refraction 

O----O Goreeal Refraction on 
General Refraction 


Gorreal Refraction in Diopires 
Diagram 83 bis. 


possible compensating effect in the case 
of large Corneal Refractions, the data 
seem to us too slender to justify more 
than adjusting (ie. shifting them to the 
new means) the cubics found for A, B and 
C to the A, B regression lines. The main 
point is the sufficiently startling one that 
the association of General Refraction with 
this single factor of it is low. This con- 
firms the result we have previously ob- 
tained for the small association of Re- 
fraction Class and Corneal Refraction, 
whereas Corneal Astigmatism was highly 
associated with Refraction Class. 

The suggestion accordingly is that the 
refraction of the lens is the chief factor in 
General Refraction, as it is customary to 
measure the latter, but that Corneal 
Astigmatism is much more markedly as- 
sociated with General Astigmatism and 
so with Refraction Class. We can examine 
the first part of this suggestion as we have 
done before. Suppose Total Refraction, 
R’, to consist of two parts C = Corneal 
Refraction, and Z = Lenticular Refraction 
of which we at present are ignorant. Then 


R' =C + L* will give us the equation R’ = C + L for the means, but it will not be very helpful 


* This relation is not an accurate one for we do not get the combined refraction by adding C to LZ. If C and L be 
read in dioptres, a more satisfactory formula would be 


Be es 
R=C+L 100 CL 


where a is the distance in centimetres from the front of the cornea along the axis to the crystalline lens = -38 cm. about. 
The mean value of C is for A and B only 43-625 D.; for A, B and C 43-490 D. According to Donders the focal length 
of the lens is 43-707 mm., or its refractive power 22-880 D. Thus the value of the last term is about 3-78 to 3-79 D. and 
is small as compared to C + L, which is about 66-5 D. This indicates the amount neglected above. We find R’ accordingly 
to be about 62:73 D., or the focal length of the total combination 1-594 ems. = -628 inch, not a bad approximation 
to the axial length of the vitreous humour. It is convenient to term L the pseudo-lenticular refraction. 
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because RF’ the total refraction and R the ophthalmological “‘General Refraction,” while measured 
in the same units, have different origins. The equation: 5k = — 6h’, or 
RR’ =-(R-R)=-C-O+L-L, 
if we may adopt it as approximate, will however be serviceable; it gives us: 
op = Voge +o + Wrrosoe, = 1-9749 D., 
a eR CR SO = 89065: 


Op + car 
te" CR _ _ .6340, Yor = 
Cr or 


These results are, we think, of considerable interest; they indicate that the Lenticular Refraction 
is nearly six times as closely associated with General Refraction as Corneal Refraction with General 
Refraction. Thus, while a good deal may be learnt of General Astigmatism from Corneal Astigma- 
tism, relatively little of General Refraction may be ascertained from Corneal Refraction, and this 
is true, although the correlation of Corneal and Lenticular Refractions is very considerable. We 
note further that variation in Lenticular Refraction is somewhat higher than in Corneal Refraction. 

The equation giving the probable value of the Lenticular Refraction in dioptres for a given 
General Refraction is: L — L = -22883 — -79705R. 

This will always give the probable deviation of L from its mean value (circa 22-880 D.) when R is 
known. 

(vi) General Refraction and Corneal Astigmatism. The following table gives the records of A 
and B only. 

Table CXCIII. General Refraction and Corneal Astigmatism. A and B only. 


General Refraction in Dioptres (Central Values) 


Trt = — 
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Nes piste PMP zest et ee Megs! [egal cecal tee Pan Si aoe [es geek el cece eae 
E $626. [ice Bom) | eee ek ae cee ee, | ee ee ee a eS ey 
5 
Totals | 1 | 2 | 3 |—]| 71] 7 | 16] 16/121-5| 104 | 38 |135/ 11] 6] 4}—]1 {14 2 
We have: 
General Refraction, Mean: -2871 D. Standard Deviation: 1-5709 D. 
Corneal Astigmatism*, Mean: +7119 D.; Standard Deviation:  -9121 D. 
Product Moment Correlation Coefficient: 7 = + -3381 + -0318. 
For the array-means we find: 
Grade of Mean Grade of Mean Corneal 
Corneal Astigmatism Refraction Refraction Astigmatism 
— 0-9583 D. + 0208 D. + 3-79 D. 2-3625 D. 
0-00 D. + -1110D. + 2:25 D. 1-0781 D. 
+ 0-75 D. + +1792 D. + 1:50 D. -8906 D. 
+ 1:50 D. + +2083 D. + 0°75 D. -6451 D. 
+ 2-46 D. + -7143 D. 0-00 D. -5012 D. 
+ 4:20 D. + 3-7500 D. — 0-75 D. “5526 D. 
— 1-84 D. -4286 D. 
— 4-125 D. -8036 D. 
General Population: + -2871 D. General Population: °7119 D. 


* The above values are regarding sign. Disregarding sign we have: Mean: -8093 D.; Standard Deviation: -8547 D. 
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Diagram 84 provides graphs of both regression lines. It will be seen that the observations are 
fairly smooth. The graduating cubics are: 


R= -09328 + -01100A¢ + -044634,? + -03470A-%, 
Ag = °52424 + -13010R + -05653R* + -00252.R5. : 


GENERAL REFRACTION & CORNEAL ASTIGMATISM We have further for the tw 
(OBSERVERS A&B ONLY) ALIEN JEWISH BOYS Correlation Ratios: 
— n'ar.ca = *4445, 
1'ca.arn = 5756. 
@- -@ Astigmatism on Refraction | Comparing these values with 
40 » OnF-O Heteaatiae pe Aatigeeations those found (p. 174) for General 
Astigmatism and General Re- 
fraction, i.e. 
1 ar.ga = *3272 
and = 9qu.ar = *6356, 
we conclude that the associa- 
tion of General Refraction with 
Corneal Astigmatism is as close 
as with General Astigmatism. 
‘We now turn to the data for 
A, B and C which are given in 
Table CXCIV. 
The constants of this table 
are: 
General Refraction, Mean: 
+ -1403 D.; 
Standard Deviation: 
1-4094 D. 
Corneal Astigmatism, Mean: 
+ -5757 D.; 
Gereral Refraction in Diogtres Standard Deviation: 
Diagram 84. -8081 D. 
Table CXCIV. General Refraction and Corneal Astigmatism (A, B and C). 


General Refraction in Dioptres 
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Product Moment Correlation Coefficient: 
r= + -3664 + -0197. 
Correlation Ratios: 
n”er.ca = *202,018, Par.ca = °010,204 + -003,228, 
1 04.en = °327,634, Fos.an = 019,274 + -004,413. 
Having regard to the probable errors of 7? in both cases we see that the squares of both correla- 
tion ratios are significant, and we have: 
n'ar.ca = 4495, 7 oa.ar = ‘5724. 
These values compared with that of r indicate that the regression curves are far from linear. 
The array-means are as follows: 


aa aagaadaaAaaa fa GENERAL KEFRACTION & CORNEAL ASTIGMATISM 
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O---O Refraction. on Astigmatism 


8 § 40 
Bi hae econ Ae ed ob Ee 
SE Agdddadaddda [2 
CD EMONOMSNOMrD /5O 
By SESAVSE OL OAL [a 
SW WOMMAROSONMAH 3 o 
OR t++t++ lls tig = 3-0 
o ¢ a 
é o 8 
é A Tl  e-AX.. 
= 
: a 
ds : 3 
Se = & 40 
ze addddaa a 
1D 10 IV 1G 6 oe 
rm ONES © 6 eo wR De ee ee be ke! de Na be ees 
ge SESShee = 38 
eo ee ac ° s 
+1t+4+++ + oO 
0-0 
d -4: 
8 ple) 8 
8 = 3 
Pay oF a 
eg: eee te oe) ee 
34 SaqqgaagKA = 6-0 40 2-0 0-0 -2-0 -40 -6-0 
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f Sosnan4 FE ereral Refraction in Diogtres 
& ! +Htt+ o Diagram 85. 


Diagram 85 shows the two regression curves fitted with cubics*. It is clear that as General 
Refraction falls from high positive values, Corneal Astigmatism falls, and that as General Re- 
fraction becomes negative, Corneal Astigmatism tends to rise again, though not so rapidly. On 


* R= — -08857 + 001334, + -23057.4,? — -003664,3, 
Ay = 44145 + -19938R + -05177R? — -00005R3. 


General Refraction in Dioptres (Central Values) 
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the other hand, there is hardly any change of General Refraction with Corneal Astigmatism, 
until the latter is our 2 D., when the General Refraction falls rapidly. 

The results for A, B and C, if we disregard the shift of means, are not widely divergent from those 
for A and B only. 

(vii) General Refraction and Position of the Near Point. We give our data in Table CXCV 


Table CXCV. Near Point and General Refraction. 


Distance of Near Point (Central Values) in mm. 
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and there are some interesting reflections which follow upon an examination of this table. The 
constants are as follows: 


General Refraction, Mean: — :0107 D.; Standard Deviation: 1-2491 D. 
Distance of Near Point, Mean: 93-800 mm.; Standard Deviation: 20-269 mm. 
Product Moment Coefficient of Correlation: r = — -1828 + -0246. 
The array-means are as follows: 
Grade of Mean Near Grade of Near Mean 

Refraction Point Distance Point Distance Refraction. 

+ 3-97 D. 118-53 mm. 57-6 mm. — 1-448 D. 

+ 2-25 D. 100°74 ,, 65s, — -8298 D. 

+1650D. 89°69 ,, 70 ss + :0161 D. 

+ 0-75 D. 92:30 ,, 4 — +1566 D. 

0-00 D. 94-26 ,, 80, — +1482 D. 

— 0-75 D. 90-67 ,, 85 3 — -0987 D. 

— 1-50 D. 90-88 ,, 90 “3 + +0295 D. 

— 2-25 D. 96-62 ,, 95 33 + -0529 D. 

— 3-54 D. 86-00 ,, 100 as + 0724 D. 

— 5-70 D. 75:50 ,, 105 > + +256] D. 

110 99 + -3103 D. 

115 9 + +2778 D. 

122-2 ,, + -2069 D. 

132-2 ,, + -3953 D. 

151-9 ,, + -:1786 D. 

General Population: 93-80 ,, General Population: — :0107 D. 
These lead to: 1 *NP.aR = -058,314, WNP.GR = -012,857 oe -004,061, 
of] 2 on NP = -063,671, ar.NP a -020,000 + -005,045. 


Accordingly both »’?’s are significant having regard to their 7?’s, and we have: 
7’ NP.GR = 2415, n' GR.NP = -2523. 
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indicates the reason for this: when the General Refraction lies between + 2-5 D. there is hardly 
any sensible differences in the distance of the Near Point, but as soon as the General Refraction 
exceeds these limits we find great changes in the Near Point Distance; the hypermetropic may 
approach 120 mm. and the myopic 75 mm. in the value of this character*. We have endeavoured 
to express this relation by graduating with the cubics: 


Dyp = 93-36530 + -44847R + -44684.R? + -16047R3, 


~ 


R = -08667 + -01309 (Dyp — 90) — -000,5154 (Dyp — 90)? + -0000,0558 (Dyp — 90), 
the units being dioptres and millimetres. 


PROBLEM OF ALIEN IMMIGRATION 


We see that y’yp.an is substantially larger than the coefficient of correlation 7, and Diagram 86 


It will be seen by the diagram that the graduations are reasonably successful. 


POSITION OF NEAR POINT & GENERAL REFRACTION 
ALIEN JEWISH BOYS 


Position of Near Point ix MM. 


(d) General Astigmatism. (i) General Astigmatism of Right and Left Eyes. Our data are pre- 


sented in Table CXCVIF. 


Table CXCVI. General Astigmatism. Right Eye with Left Hye. 
General Astigmatism in Dioptres (Central Values). Right Eye 
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Refraction in Diogtres 
Diagram 86. 
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* Donders (Anomalies of Accommodation and Refraction of the Eye, New Sydenham Society, 1864, p. 90) gives for 


myopes at age 16, 61 mm. and for hypermetropes at age 20, 122 mm. 
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The constants of this table are: 
Right Eye, Mean: — -2067 D. + -0240; Standard Deviation: -7536 D. + -0169. 
Left Eye, Mean: — :2317 D. + -0235; Standard Deviation: -7387 D. + -0166. 
It is thus not possible on the basis of the above data to assert any significant difference in 
General Astigmatism, either as to mean or variability between right and left eyes. 
Product Moment Correlation Coefficient: 7 = -8593 + -0083. 
The regression straight lines are, the units being dioptres: 
A, = 87664, — -0036, 
A;, = :8464.4,, — -0567. 
Here Az and A; are the probable values of the Astigmatism of right and left eyes respectively for 
given values A; and Az of the Astigmatism of left and right eyes respectively. Diagram 87 gives 
the regression lines. 
The actual array-means graduated by these lines are: 
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Astigmatism in Diogires. Rifkt Eye 
Diagram 87, 


We have not worked out the correlation ratios as with such a high value of the correlation 
coefficient we do not think that very much better graduations would be obtained by the use of 
cubics. 
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(ii) General Astigmatism and Visual Acuity. This has already been discussed: see pp. 157 and 
158. 

(iii) General Astigmatism and Refraction Class. Already discussed: see pp. 166 and 167. 

(iv) General Astigmatism and General Refraction. Already discussed: see pp. 173 and 174. 

(v) General Astigmatism and Corneal Refraction. Our data which have been tabled first for 
A and B’s observations only are given in Table CXCVII. 


Table CXCVII. General Astigmatism and Corneal Refraction (A and B only). 


Corneal Refraction in Dioptres (Central Values) 
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The constants of this table are as follows: 
General Astigmatism, Mean: — +2203 D.; Standard Deviation:  -8984 D. 
Corneal Refraction, Mean: 43-9477 D.; Standard Deviation: 1-4916 D. 
Product Moment Correlation Coefficient: 7 = + -0726 + -0357. 
The array-means are as follows: 


Grade of General Mean Corneal Grade of Corneal Mean General 
Astigmatism Refraction Refraction Astigmatism 
+ 0-81 D. 44-269 D. 40-4583 D. — -8750 D. 
0-00 D. 43-897 D. 41-9698 D. — 2845 D. 
— 0-75 D. 44-507 D. 42-625 D. — -5806 D. 
— 1-85 D. 43-766 D. 43-125 D. — -1488 D. 
— 3-87 D. 42-548 D. 43-625 D. — :2400 D. 
44-125 D. — -1034 D. 
44-625 D. — ‘1786 D. 
45-3596 D. — :0459 D. 
46-125 D. — 0273 D. 
46-8472 D. — °1667 D. 
General Population: 43-948 D. General Population: — -2203 D. 
We find: 1” on.¢a = °053,944, For.ga = 011,299 + -003,864. 
1” a4.0r = 054,185, Pes.or = 025,424 + -007,981. 
Both ’’s are significant having regard to their 7’s, and we have: 
1’ CR.GA = +2323, n'@4.OR = 2328. 


These values, the array-means and the value of r indicate that the association, if significant, is 
small and of little prognostic value. 

Diagram 88 shows the array-means both ways. General Astigmatism makes little sensible 
difference to the Corneal Refraction until it exceeds — 2 D., and it is not till the Corneal Re- 
fraction falls below 43 D. that its influence on General Astigmatism becomes really apparent. 
We have contented ourselves with fitting the regression lines with the cubics which graduate 
A, B and C’s observations shifting them to A and B’s mean values. 
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Here as elsewhere we are desirous of increasing the number of our records, but can only do this 
by adding in C’s observations, which show definite deviations from those of A and B; these 
deviations may be due either to the relative personal equation of the observers or to C’s boys 


GENERAL ASTIGMATISM & CORNEAL REFRACTION 
(@BsERVERS A & Boniy) ALIEN JEWISH BOovs 


@- -@ Refraction on Astifmalism 
O---O Asli§gmatism on Refraction 


Refraction in Diopires 


4-0 0-0 “4-0 -2-0 -3-0 ~4°0 
Astifmatism in Diogtres 
Diagram 88. 
being on the whole a different series to those of A and B. Adding in C’s data we have the following 
table: 


Table CXCVIII. General Astigmatism and Corneal Refraction (A, B and C). 
Corneal Refraction in Dioptres (Central Values) 
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The constants of this table are as follows: 


Corneal Refraction, Mean: 43-4889 D.; Standard Deviation: 1-5335 D. 
General Astigmatism, Mean: — -2321 D.; Standard Deviation: -7410D. 
Product Moment Correlation Coefficient: r = + -1293 + -0223. 
Correlation Ratios: nor ¢4 = °029,520, Por.ga = ‘010,204 + -003,210, 
n@4.cr = 039,260, Rea.cr = ‘020,408 + -004,492. 
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Hence both »’”’s are significantly different from their 7?’s, and we have as a measure of the associa- 
tion: n oR.GA => ‘1718 and 1'GA.OR => “1981. 
Both series of array-means give a fairly regular series. Thus: 
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The array-means of the observations are shown in Diagram 89. While the distributions are not 
very widely divergent from linear, the systems are not very definitely linear, and we have 
accordingly fitted them with cubics: 

GA. = — -19552 + -06915 (C.R. — 43-625) — -01383 (C.R. — 43-625)? — -00202 (C.R. — 43-625), 

C.R. = 43-5346 + -26422 (G.A.) + -07196 (G.A.)? + -01818 (G.A.)8. 

Generally the results for A, B and C confirm those for A and B. In the latter the correlation 
coefficient is smaller than for the former, but the correlation ratios are somewhat larger. This 
confirms the view that the correlation coefficient is not an effective measure of the strength of 
the association, unless the regression is very closely linear. 

(vi) General Astigmatism and Corneal Astigmatism. Table CXCIX provides the data for A and 
B’s records only*. 

The constants of this table are as follows: 


General Astigmatism, Mean: — +2246 D.; Standard Deviation: -8974 D. 
Corneal Astigmatism, Mean: + -7097 D.; Standard Deviation: -9129 D. 
Product Moment Correlation Coefficient: r = — -7578 + -0153. 


* The reader must bear in mind that the components of Corneal Astigmatism are determined from measurement of 
the curvatures, but the components of General Astigmatism are measures of the correcting lenses. Hence positive 
Corneal Astigmatism corresponds to negative General Astigmatism 
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Table CXCIX. General Astigmatism and Corneal Astigmatism (A and B only). 


Corneal Astigmatism in Dioptres (Central Values) 
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Thus there is a very high relation between the two measures of Astigmatism, far higher than 
between General Refraction and Corneal Refraction. Assuming that we may neglect the small 
corrective terms* we may write Ag = —(Ag + Az), where Ag is the General Astigmatism and 
Ay, A; the Corneal and pseudo-Lenticular components. 

Hence we deduce Og, = Vorg, + 074, + 204,040 4g.4, = 6301 D., 

VagA, = — (4, + F451 4g 4c) 4y = — +3263, 
T Ac AL SS (46! 4g 49 + © 4¢)[% 4, i re -3695. 

These correlations are quite appreciable and suggest that, although the correlation of Corneal 
Astigmatism with General Astigmatism is considerably greater than that of Lenticular Astigma- 
tism with General Astigmatism, the lens does contribute to the General Astigmatism. Further 
the negative value of r,,4, indicates that there are physical factors at work which cause the 


astigmatism of the lens to compensate for that of the cornea or vice versd. 
If we consider the array-means we find: 


Grade of Corneal Mean General Grade of General Mean Corneal 
Astigmatism Astigmatism Astigmatism Astigmatism 
— 0-958 D. + +2083 D. + 0-8023 D. + -4012 D. 
0-00 D. + :0909 D. 0-00 D. + -4990 D. 
+ 0-75 D. — -0419 D. — 0:75 D. + +7708 D. 
+ 1:50 D. — :6389 D. — 1-50 D. + 1:3636 D. 
+ 2-464 D. — 1-3571 D. — 2-438 D. + 2-5625 D. 
+ 4-200 D. — 3-9000 D. — 4-125 D. + 3-9750 D. 
General Population: ~— 22-46 D. General Population: -- -7097 D. 
Passing to the correlation ratios we have: 
Nan os = -651,931, PoA.CA = -014,124 + -005,974, 
n° 04.G4 = -567,726, TO04.G4 = 014,124 + -005,974. 
Thus both 7”’s are significant as compared with the 7?’s, and 
1'aa.ca = °8074, 1'ca.aa = “7535F. 


The regression lines as shown in Diagram 90 differ very considerably from straight lines and 
have accordingly been fitted with the unweighted cubics: 


G.A. = -26773 — -87393 (C.A.) — -20153 (C.A.)* + -01666 (0.A.)°, 
C.A. = -48939 — -35200 (G.A.) + -23498 (G.A.)? + -02513 (G.A.)?. 


* See remarks, p. 179. J This would be raised above 7, if corrected for class-index correlation. 


I 


190 PROBLEM OF ALIEN IMMIGRATION 


The high relations we have found between General and Corneal Astigmatism are so interesting, 
and to some extent so unexpected, that it seems important to check them on the larger numbers 
available if we include C’s data. We propose to work out the regression curve of General 
Astigmatism on Corneal Astigmatism for the combined data. These are provided in Table CC 
below. The constants of this table are as follows: 


General Astigmatism, Mean: — -2111 D.; Standard Deviation: -7374 D. 
Corneal Astigmatism, Mean: + -5853 D.; Standard Deviation: +8157 D. 
Product Moment Correlation Coefficient: r = — -6947 + -O116. 
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Gereral Asti6matisee in Diogtres 


Coreeal Astifmatism in Diogtres 
Diagram 90. 
Correlation Ratio: General upon Corneal Astigmatism: 
1" @4.ca = 543,977, Pea.ca = 007,726 + -002,774, 
n”a4.ca is accordingly significant and 7’¢4.c4 = °7375. The association is therefore not quite as 
great as when we take A and B’s records only, but is still very considerable. Applying the same 
method as we used for the data of A and B only we deduce: 
og, = ‘6111 D., Y4g4, = — ‘2794, T 49.4, = —~ °4965. 
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These results confirm in general the previous ones, they still show the lens contributing to 
the General Astigmatism and also the compensatory effects of the Corneal and Lenticular 
Astigmatisms. 


Table CC. General Astigmatism and Corneal Astigmatism While realising that the theory 
(A, Band C). applied (p. 179) is only an ap- 
Corneal Astigmatism in Dioptres (Central Values) proximate one, we believe that 
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related with General Astigmatism 
than Corneal Astigmatism is, then it cannot be true as is often stated that “the cause of regular 
Astigmatism in the great majority of cases is a congenital irregularity of the curvature of the 
Cornea.” This result might easily be reached because Corneal Astigmatism is such a close measure 
of Lenticular that it may be taken as a measure of the whole Astigmatism. 

We have the following system of array-means: 


Grade of Corneal Mean of General Grade of General Mean of Corneal 

Astigmatism Astigmatism Astigmatism Astigmatism 
— 1:50 D. + -5000 D. + 2:25 D. + 3-0000 D.* 

— 0-75 D. + +1452 D. + 1-50 D. — +3750 D. 

0-00 D. — -:0056 D. + 0-75 D. + +5641 D 

+ 0-75 D. — :0917D. 0-00 D. + +3661 D 

+ 1-50 D. — +5625 D. — 0-75 D. + 7985 D 

+ 2:25 D. — 1-2500 D. - 1-50 D. + 1-5000 D. 

+ 3:00 D. — 1-9853 D. — 2:25 D. + 22895 D. 

+ 4:23 D. — 3:3750 D. — 3:00 D. + 3:1071 D. 

— 3°75 D. + 3-4167 D. 

— 4°50 D. + 4-5000 D. 

— 5:25 D. + 52500 D. 

General Population: — :2111D. General Population: + +5853 D. 


-These means are shown in Diagram 91 and the regression line of General on Corneal Astigmatism 
is there graduated with the unweighted cubict: 


GA. = + -01326 — -34624 (C.A.) — -03673 (C.A.)? — 018098 (C.A.)3, 


C.A. being read in dioptres and the answer given in the same. 

We note that the means for General Astigmatism of A, B and of A, B and C are not widely 
different, i.e. — -2246 D. and — -2111D. respectively. On the other hand, A, Band A, Band C differ 
considerably in their Mean Corneal Astigmatism, i.e. -7097 D. and -5853 D. respectively. Thus 


* No stress whatever must be laid on this value; it arises from the tabulator having divided into positive and negative 
Corneal Refractions the three Astigmatics with principal axis at 45°. 
+ With such small frequencies as occur in many of the arrays compared with the very large frequencies in two of 
them, weighted fitting is not satisfactory as a graduation. We give, however, the corresponding weighted cubic: 
G.A. = :05849 — -16619 (C.A.) — -18513 (C_A.)? + -00887 (C.A.)®. 
See Diagram 91. 
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we have for C’s mean -5055 D. and his standard deviation -5405 D. This suggests that the boys 
examined by C were less astigmatic and more concentrated round the zero of astigmatism than 
those examined by A and B. For the combined data of A, B and C we find: 
7” o4.¢4 = °557,349, Woa.ca = 011,111 + -003,331, 
leading to the high and significant value 7’o4.q4 = °7466. 
GENERAL ASTIGMATISH 


& CORNEAL ASTIGMATISM. (osservers A.B &6) 
ALIEN JEWISH BOYS 


@—-@ Gereral Astigmatism on Corcesl Astigmatism 
O:----O Gorneal Astifmatism on General Astigmatism 


Gereral Astigmatism in Diogtres 


Corneal Asti§matism. in Diogtres 
Diagram 91. 
This is only slightly less than that found for A and B only. An examination of the means of the 
arrays (p. 191) shows that the Corneal Astigmatism for General Astigmatism with the rule is 
numerically almost exactly equal to the General Astigmatism itself, although, of course, the 


reverse is not true. ¢ 
It will be seen from the means on p. 189 that this is very nearly true also for the data of A 
and B only. 


The cubic regression line for Corneal on General Astigmatism for A, B and C’s data is 
OA. = -50411 — -59097 (G.A.) + -08407 (G.A.)? + -00486 (G.A.)*, 
the points being anwelehted: 


General Astigmatism in Dioptres 
(Central Values) 
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(vii) General Astigmatism and the Distance of Near Point. Our data are given in Table CCI 
below: Table CCI. General Astigmatism and Distance of Near Point. 


Distance of Near Point in mm. 


175 
180 
200 


‘ 
»~ 
° 
ica 
0-5 
39-5 
539 
84-5 
10-5 
18 
3 
5 


Totals | 1 . . 57 1] 1]..) 1700 
The constants of this table are as follows: 
Distance of Near Point, Mean: 93-800 mm.; Standard Deviation: 19-9816 mm. 
General Astigmatism, Mean: — 1671 D.; Standard Deviation: 5863 D. 
Product Moment Coefficient of Correlation: r = — -1417 + -0250. 
The array-means are: 
Grade of General Mean Distance of Grade of Near Mean General 
Astigmatism Near Point Point Distance Astigmatism 
+ 0-759 D. 88-875 mm. 61-92 mm. — 2727 
0-00 D. 93-145. ,, 72:50 ,, — +1427 
— 0-75 D. 95-740 ,, 82:38 ,, — -0494 
— 1:50 D. 100-476 ,, 92:34 ,, — -O117 
— 2-625 D. 105-962 ,, 102-09 ,, — -2219 
112-41 ,, — 2148 
122-24 ,, — +1810 
132-16 ,, — 4257 
151-90 _,, — +5000 
General Population: 93-800 _,, General Population: — 1671 
For the regression curve of General GENERAL ASTIGMATISM & POSITION OF NEAR POINT 
Astigmatism on Near Point it is ALIEN JEWISH _BOYS 
needful to use a cubic; we see that iBop 
for either a close or a distant Near r ees rea eae nae 
Point the effect is the same,i.e. an i an aay 
increase of General Astigmatism with S ‘gel 
therule. The equation tothe cubicis: 4 | 
G.A.=—-10216—-001,616(N.P.—90) “120 
— -000,23124 (N.P. — 90)? cS j 
+ :00000,11936 (V.P. — 90), a bast en | PS ge nee 17 
the distance of the Near Point being © Ball 
measured in millimetres and the {% l 
General Astigmatism in dioptres. 2 60 ! 
As usual GA. denotes the probable e i 
or mean value of the astigmatism in oe | 
an array of boys of given Near Point 20 i 
Distance N.P. ; ; 20 10 0-0 -4-0 -2-0 -3-0 
Diagram 92 indicates that the Astigmatism in Diogtees 
regression of Near Point Distance Diagram 92. 


EUGENICS Il, 1 & 11 25 
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on General Astigmatism is almost exactly linear, and if Dyp = probable Near Point Distance for 
given General Astigmatism G.A.: Dyp = 92-993 — 4829 G.A. 

gives a suitable graduation. 

We see that as Astigmatism with the rule increases the Near Point gets farther and farther 
off. The relation, as the diagram indicates, is quite a substantial one, much more so than the 
association of Visual Acuity, Refraction Class or General Refraction with Near Point Distance: 
see Diagram 92. 

(viii) General Astigmatism and Direction of Axis*. The accompanying table provides the data. 


Table CCII. General Astigmatism and Direction of Axis. 
Angle Axis of Principal Meridian makes with Horizontal (Central Values) 


mn 

2 SIS BIS |RIR|S(Slele le lSi8;8/R1S 1813] S] 4 

> CRO fede pc pe by [yee at +]/4+]4]+ oo ee 

4 Eee — een Poe 

=| +150 | — 1 — —|— 1 — 1 3 
& | +07 )|—}1}—|2}—};—] i] r1}—] 4ry;—fifryi 5 54 
= 000; 4/—|—]|]6/—]1{]2)]3 })—Je631}/—/] 111 9 5 | 663 
g|-075/ 2/—}/—}]3]—/|—]2]!—]—] s88}/—/]1]3)1 41 {5 )]—|—| 38 | 104 
B!—150)/ —}/—}|—]|]1}/—]1}/—!|—]}]—] 17} 1}/—}/—};—] 1] 2);—]—] 2] 25 
§ | — 225 | 3 | — 2 — 3 20 1 2 31 
& | — 3-00] 1: — 1 Bee Q) | eee |e ee es 7 
8 | —3-75 | — | — | — mei 2|— 6| 1}/—|]—|— 9 
< 4-50 — T}/—y) 1/1 )/—/—J—J]—/]—-— 3 
Fr 525 1/—}—]/—]—]—}]—J]J—]—]— 1 
oO —— — aa, ——— |__| J | — | EE 
3 Totals | 10} 1 |—]15{—|}| 2] 5 |10}—J|s804] 2] 5] 8] 4 | 2 | 22] —]|—]| 10] 900 


The constants of this table, which shows considerable preferences for angles like 10°, 15°, 
30° and 45°, are as follows: 
General Astigmatism, Mean: — -2375 D.; Standard Deviation: -7407 D. 
Direction of Axis, Mean: 0°-2944; Standard Deviation: 9°-5203. 


We have not for the above results removed all the eyes, 590 in number, with no astigmatism. 
When this is done we have: 


General Astigmatism, Mean: — -6895 D.; Standard Deviation: 1-1706 D. 
Direction of Axist, Mean: 0°-8548; Standard Deviation: 16°-3285. 
The array-means are given below: 
Given Direction Mean General Grade of General Direction of Axis 
of Axis Astigmatism Astigmatism (disregarding sign) 
— 44°-545 — -9545 D. + 0-790 D. 6°-667 
— 30°-0 — +3500 D. 0-000 D. 13°-151 
— 12°-65 — 1-1029 D. — 0-750 D. 5°-721 
0° — -6624 D. — 1-500 D. 9°-200 
+ 13°-68 — 1-5000 D. — 2-250 D. 8°-871 
+ 29°-58 — +1562 D. — 3-675 D. 6°-750 
+ 45°-0 — -5250D 
General Population: — +6895 General Population: 8°-3065 
The association is clearly of a skew character and the correlation coefficient would be useless. 
We find: n”¢4.p4 = ‘059,188, Pea.pa = 019,355 + -007,455, 
2 n4.Ga cd -042,483, 7 DA.GA — -016,129 + -006,816, 


the latter disregarding sign of angle. Both the y”’s are significant having regard to the values of 
the corresponding 7’s and their probable errors. We therefore conclude that association exists 
between the intensity of General Astigmatism and the Direction of the Axis. 

* By the “direction of axis” we mean throughout our work the direction of the principal meridian which makes the 


least angle with the horizontal, and the direction of axis is measured by this angle. 
+ Disregarding sign of angle: Mean = 8°-3065, Standard Deviation = 14°-1576. 
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We have 7 p4.q4 = °2061 and 9’¢4. p4 = °2433. 
As in the case of Corneal Astigmatism and the 
direction of axis (see later, p. 207) we find a 
maximum of astigmatism with the axis directed 
at about + 12° to 13°, but we also find another 
rise in the astigmatism as the angle approaches 
its maximum at about + 45°. Whether the 
astigmatism really takes a secondary minimum 
when the direction of the axis is zero, we are 
not prepared to assert, because the value de- 
pends so largely on what is treated as zero 
astigmatism, the classification being originally 
only to $D. In the same way the maximum 
angle of the axis being reached at the array 
with central value 0 D. is really under some 
doubt. For the angle could only be deter- 
mined for the individuals having astigmatism 
of + } D., and in these cases, it is undoubtedly 
difficult to determine the direction of the axis. 
There may be some physiological reason why 
these cases with small amounts of astigmatism 
should be the chief contributors to the axis at 
+ 45°, but until that is discovered, we are 
inclined to think that there may have been 
some bias, when the direction of the axis was 
difficult of ascertainment, to put it half-way 
between horizontal and vertical. 

The graphs of the array-means are shown in 
Diagrams 93 and 94. 


@-@ Astipmahsm on Direchoz of Axis 


Direction of Axis 


195 


GENERAL ASTIGMATISM 
& DIRECTION OF AXIS. 


ALIEN JEWISH BOYS 


O--O Direction of Axis on Astifmatism 


20° 


40° 


-2°0 
Astigmatism ie Diogtres 


Diagrams 93, 94. 


oO “+0 -3:0 


Table CCIII. Corneal Refraction in Right and Left Eyes. Boys (A, B and C). 


Corneal Refraction in Dioptres. Right Eye. 


(Central Values) 


wD wD Ww ile) uy 1d uw wy Ww’ plo} 1} ww aw ple) uw w pTon) wD ple) wD 
SISISISISISISlSiSlsli/slslis}, a sys) s ls isis 

‘ Z2i2i/S (SIS SiS l/S9(S9/S(S/ Sls] BlSlsSisisisie 
& | 39-195 5) ee ie 2 
2 39-625 ae pe eg ae 1a | 2 
4 40-125 Bes 4 1/ 1] 1 7 
2 40-625 —|—/|3]}1]4] 2) 1 ll 
$ _ | 41-125 —/—|1]{5]3]iu}] 1] 3}/—}] 1] 1 26 
Bg | 41-625 ae eee pd [8 Pe Pe hale 7 27 
Qe | 42-125 —/—}]—} 1}/—] 3} u}i7{ie| 2} af 1 52 
AS | 42-625 6/20/11] 1 38 
Arg | 43-125 1/ 2;}11]28] 9] 2] 1 1 55 
Gg | 43-625 1 7/17/31! 9) 4} —}] 1}/—]—j]—J|—|70 
BR | 44-125 2} 4/15] 32/13} 1 1 69 
& > | 44-625 1| 4/16/19] 6 1/—]—}—]—|] 47 
“3 45-125 1 5 | 10 | 15 2} 2} —|—]—] 35 
a 45-625 = 1| 2] 551/13} 9/05)—|—] 31 
3 46-125 3 4/10] 3 1 |—] 21 
a 46-625 7 ee a pee ee De: 
3 47-125 ma) oa g9}-—|—|—] 2 
47-625 = — = = 1] 1 
Totals —| 2 | 5 | 13] 10] 24 | 22 | 38 | 57 | 65 | 62] 66 | 49} 30-5 | 21 | 28} 7-51 1 | 1 | 503 
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(e) Corneal Refraction. (i) Corneal Refraction, Right and Left Eyes. Our data are given in 
Table CCIII on p. 195. 
The constants of this table are as follows*: 


GORNEAL REFRACTION- LEFT EVE & RIGHT EVE 
(OBSERVERS A&B onLY) ALIEN JEWISH BOVS 


* There is no significant difference for 


z 
¢ 
Corneal Refraction between either the means — 47.9 e—2 Left Eye on Right Eye = 


o---O Rigkt Eye or Left Eye 


or variabilities of Right and Left Eyes. The 
corresponding table was worked out for A 
and B’s observations only and gave: 


Right Eye. Corneal Refraction. 
Mean > 43-887 + -073. 
Standard Deviation: 1-5458 D. + -051. 


J 
n 
Left Eye. Corneal Refraction. mare 
Mean: 43-9304-074. 5 
Standard Deviation: 1-5725 D. + -052. ~, 
Product Moment Correlation Coefficient: g 440) 
r = -8706 + -O114. 3 
The main difference lies, as we have before £ 
seen, in the mean values. § 450 
The Regression Straight Lines are: 3 
E,, = 5-0618 + -88564Ep, 3 


fi, = 5-2912 + -85582E,, 
which may be compared with those for the 
combined observations of A, B and C. The 
regression curves for A and B only tend to be a0 
more flat cubics than straight lines, and a 
slighter tendency to deviate from the straight 
line may also be traced in those for A, B and 
C fitted in Diagram 95 with straight lines. 40-0 


44-0 42-0 45:0 44-0 45-0 460 4t0 
Refraction. in. Diogtres. Rigkt Eye 
Diagram 95 bis. 
Table CCIV. Corneal Refraction of Right Eye and Left Eye. A and B only. 
Corneal Refraction of Left Eye (Central Values) 


pie) wD w wD Tey w w 
ES S)/ai/S|/s/S)a| a 

> g Re Wisse Sees oe | a Bae fs 
o 
= | 38-125 = _ 1 
| 38-625 a 
& | 39-125 = 
= | 39-625 
3S | 40-125 1 1 = 5 
S | 40-625 1 1 2 
B | 41-125 aoe 2 = | _ = 6 
FS | 41-625 — 1 | =f 
| 42-125 = 5 i) — —/ 11 
wz | 42-625 _ — 6 | 1 22 
ta | 43°125 — = 7 | 8 20 
5 43-625 — _ 5 | 14 —| 28 
‘8 | 44-125 2| 4 2/—|—|]—}—]|—] 29 
B | 44-625 1} 2 3 26 
& | 45-125 — 10/4 | 2}|—|—]|—|] 18 
& | 45-625 a 2/6 3)/—;—]—|] u 
S| 46-125 35] 7] 3 | 2)—] 155 
$ | 46-625 05) 3 )2/—|—] 55 
5 47-125 — 1 1 
& | 47-625 1 1 

Totals ‘ é é ¢ 17 | 14 | 16) 5 2 1 | 205 
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oon Refraction, Mean, Right Eye: 43-4446 D. + -0476D., Left Eye: 43-5142 D. + - -0461 D. 
Standard Deviation, Right Eye: 1-5819 D. + -0336 D., Left Bye: 1-5322 D. + -0326 D. 
Product Moment Correlation Coefficient: 7r = -91235 + -0050. 


The correlation is so high that we can hardly anticipate any great improvement on linear 
regression. The array-means run thus, giving mean Corneal Refraction for one eye for given grade 


of same character in the other eye: 


Grade, R. E. Mean, L. E. Grade, R. E. Mean, L. E. Grade, L. E. Mean, R. E. Grade, L. E. Mean, R. E. 
40-498 D. 41-028 D. 44-125 D. 44-216 D. 40-239 D. 40-466 D. 44-125 D. 43-966 D. 
41-125 D. 41-312 D. 44-625 D. 44-523 D. 41-125 D. 41-125 D. 44-625 D. 44-423 D. 
41-625 D. 41-807 D. 45°125 D. 45-182 D. 41-625 D. 41-569 D. 45-125 D. 44-868 D. 
42-125 D. 42-007 D. 45°625 D. 45-530 D. 42-125 D. 42-182 D. 45-625 D. 45-585 D. 
42-625 D. 42-739 D. 46-125 D. 45-929 D. 42-625 D. 42-717 D. 46-125 D. 45-887 D. 
43-125 D. 43-225 D. 46-783 D. 46-030 D. 43-125 D. 43-161 D. 46-825 D. 46-300 D. 
43-625 D. 43-657 D. 43-625 D. 43-489 D. 

General Population: 43-514 D. General Population: 43-445 D. 


Diagram 95 indicates how closely the regression curves can be considered as linear. The associa- 


tion between Right and Left Eyes for 
Corneal Refraction is almost the same 
as that between the eyes for General 
Refraction (see p. 172). 
The equations to the regression 

straight lines are: 

BE, = 5-1244 + -883652 p, 

Ei, = 2-4550 + 941982, 
in dioptres, E,and E, being the prob- 
able Corneal Refractions for given 
Corneal Refractions LH, and H, of the 
right and left eyes respectively. 


(ii) Corneal Refraction and Visual 
Acuity. This has been already dis- 
cussed: see pp. 154 to 156. 


(iii) Corneal Refraction and Refrac- 
tion Class. Already discussed: see 
pp. 168 and 169. 


(iv) Corneal Refraction and General 
Refraction. Already discussed: see 
pp. 177 to 179. 

(v) Corneal Refraction and General 


Astigmatism. Already discussed: see 
pp. 186 to 188. 


CORNEAL REFRAGTION- LEFT EVE & RIGHT EVE 
(oBsERVERS A,B &C) ALIEN JEWISH BOVS 


z 
< 
wl 
= 


o—e Left Eye on Right Eye 
o---o Rigkt Eye ov Left Eye 


Refraction in Diogtres. Left Eye 


40-0 4-0 420 43:0 440 45°0 460 47-0 
Refraction in Diopiers. Right Eye 
Diagram 95. 


(vi) Corneal Refraction and Corneal Astigmatism. Table CCV (p. 198) gives the data for A and 
B only. The constants of this table, having regard to the sign of the astigmatism, are as follows: 


Corneal Refraction, Mean: 43-9085 D.; Standard Deviation: 1-5277 D. 


Corneal Astigmatism, Mean: 


-7610 D.; Standard Deviation:  -9456 D. 


Product Moment Coefficient of Correlation: r = — -2722 + -0308. 
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Table CCV. Corneal Refraction and Corneal Astigmatism. A and B only. 


Corneal Refraction in Dioptres (Central Values) 


4) /8/8/8/8/8 88/8 /8\8 818) 4)8 | 88] a 

. : 
g 3 S/Slsl/Si/SlI/S Sls is ;B8js8/ Sl sisjsla 
3 = 
2 2-25 — = | pee — 
A | — 1:50 _ —j 2] r}/—/—| 2 /—|—-j;-| 6 
A | 0-75 | — I 1 3{ 3/ 2; 1] 2 |1 | 2;—] 16 
Era | 0-00 | — 3/1/38] 7 | 8] 10] 9] 11] 15} 10} 11} 11] 85 | 1-5 | — | — | 109 
Be | + 0-75 2/1 {3} 2) 7 | 13/22 | 34] 34] 28] 19/11/16 |6 | 1] 2 | 202 
a2 | + 1:50 1 214] 5/ 3) 4/ 3]; 3} 2} 2| 3 |1 |—]|—] 383 
we | + 225 | — 2}1}1}—]2] 5] 6] 2] 3} 1} 1}—] —]4t J|—]—] 2% 
BS | + 3:00 | — 1/—;—|/1}]irt}/—] 1] 3/—]| 2}]-}/-—] —|[—]—-j-] 9 
SS | 43-75 | — 1{/—}1,i1}]1/—);—] 2 —|—| 6 
€ | +450] — 1/—)1{—]—|~j—|— = —|—|—/|—| 2 
ge |452/—]..;—|—|—|—}—]| 2}—}; 1/—-}~—};—-—]-!—|]|—|—-|-| 3 
3 +600{—/}.. oa — ct apiet (oat) ee cas 

“Totals | 1 10| 4 | 9 | 13 | 24 | 35 | 42 | 57 | 60 | 48 | 35 | 25 | 31-5 | 105] 3 | 2 | 410 


Precisely as we have done previously we can determine the Corneal Refraction in the “vertical” 
meridian from a knowledge of the above constants. For let 4g measure the Corneal Astigmatism 
and Ro, and Re, the two Corneal Refractions, i.e. the principal Corneal Refractions nearest to the 
horizontal and vertical respectively. Then Ag = Ro, — Re,, and 

Op, = Vor4, + On, + 20-45% Ro,7 dg ho, = 15626 D., 
"Ro, Ro, = (FAG Agha, + %Rp,)/Rg = + °8130, 
YAoRe, = (4, aa CRe,1 AcRe)/FRo, ea “3391. 

Of course Mean Ro, = Mean Ag + Mean Ro, = 44-6695 D. 

CORNEAL REFRACTION & CORNEAL ASTIGMATISM 


(OBSERVERS A&B onLY) ALIEN JEWISH Boys 


@- -@ Refraction on Astigmatism 
O- --O Astigmatism oz Refraction 


Goreeal Refraction ix Diogires 


-2°0 ~4-0 00 1-0 2-0 3-0 40 


Coreeal Astifmatism in Diopires 
Diagram 96. 
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Thus we see that the refractive power in the vertical principal is larger than in the horizontal 
principal meridian, that this refractive power is slightly more variable and slightly more closely 
associated with the Corneal Astigmatism. Further, the correlation of the two principal Corneal 
Refractions is somewhat less than that between the two principal General Refractions. 

The array-means are as follows: 


Grade of Corneal Mean Corneal Grade of Corneal Mean Corneal 
Astigmatism Refraction Refraction Astigmatism 
-— 0-9286 D. 45-0298 D. 40-125 D. + 1-5000 D. 
0-00 D. 43-8108 D. 41-375 D. + 1-0909 D. 

+ 0-75 D. 44-1374 D. 42-375 D. + 1-0297 D. 

+ 1-50 D. 43-7007 D. 43-375 D. + +9545 D. 

+ 2-25 D. 42-9650 D. 44-375 D. + -5694 D. 

+ 3-7125 D. 42-4750 D. 45-375 D. + -4750 D. 
46-364 D. + +4309 D. 

General Population: 43-9085 D. General Population: + °7610 D. 


These means and Diagram 96 (p. 198) do not suggest that other graduations than by straight 
lines would be of much service, and these have been used. Their equations are, in dioptres as unit: 
Re = 44-2431 — -4897A¢, 

Ag = 83073 — -1685Ro, 
where Ry and Ag are the probable values of the Corneal Refraction and Corneal Astigmatism 
for given values of the Corneal Astigmatism A, and Corneal Refraction Rg respectively. 


(vi) bis We can test directly the values indirectly found for Ro, and its correlation with Ro, . 
Table CCVI gives the direct distribution of Ry, and Ro, . 


Table CCVI. Correlation of Corneal Refractions in Principal Meridians (A and B only). 


Rce,, Corneal Refraction in Principal Meridian nearer to Horizontal in Dioptres 


1D Ww Ww re} to) pio} pio} «D> 1d Ww ws ws ud eo} “uD plo) 1 1 re) ww 4 

SIS (SSIS SS SP Sls Sy eS ial Sle iSlais is 
ZBl/SISlSISISlalsl[SiSlSiSlsSps Slay; sl;sispsle 

38-625 | 1 | —} —} —| —}/—]—}]—]—|—}]—]—}—]—]-—]—]—-}-)-—]-} 1 
# | 39-125 |—}—|—|—|—]—]—]—|]—|—]—]/—]|—]—!-—]-]-|]—-|-!-]-— 
q | 39-625 |—}—}—]}—|1}—]/—}—]—;—|—]—|—]—!|-—|]—|-|]-|]-]-] 1 
& | 40125 |—{—|—;—| 2{/—}|—/—|—|—|—|—|—|-—|—|]—-|-|-|-|-| 2 
‘g | 40-625 |—|—|—}]—|1]—]1]—]—]—]~—/—|]-—]-—]-—|—|]—-|]—|-|-—] 2 
s | 41-125 |—|—]|—]—]1]/2]/2/—]1]—!|—|]—|—|—|—|—|]—]—-|-—|-| 6 
—z B| 41-625 | —} -}; —}| —|—}|—] 1] 6 }—]—|]—|]—|—|—|—/—-]—-|-—|—-|]-]7 
BB) 42125 | —]—}—]—j—|]1]2]2] 7 ~ —|—}—| 12 
g =| 42-625 |—])—|—|—|2)1)/—|1] 6] 6] 1/— — 19 
A) 43-125] —|—|—|—|1{/—|1]2]2]i4] 7) 1 1 29 
Al 43-625 — 1 4] 5|16| 9 38 
Ag] 44-125 2| 3/ 8] 21 4 50 
§3| 44-625 -- 1{}—|/—{1/—]| 4] 3] 14 7| 2 2|—|—|—| 55 
BS] 45-125 _ —j}—]1]—|1] 1] 2] 2 20] 6 —|—|—|—|s2 
BF | 45-625 _ 1/1}1]/—] 4] 3 10 | 18 3} 1|/—|—| 51 
S| 46-125 —|—|—|—|—]| 1] 2 2] 6 6)—| 1 |—| 28 
& | 46-625 -- — 2 —|1 7/1) 1]—|] 20 
@ | 47-125 _ 3| 2 11} 3 |—|—| 20 
g | 47-625 2 1 1/3] 1 |—] 10 
& | 48-125 2 2 
ge | 48625 2/—|2] 5 
S| Totals 32 | 10 410 


The constants of this table are as follows: 
“Horizontal” Corneal Refraction, Ro,, Mean: 43-9079 D.; Standard Deviation: 1-5267 D. 
“Vertical” Corneal Refraction, Rp,, Mean:” 44-6774 D.; Standard Deviation: 1-6030 D. 
Product Moment Correlation Coefficient: r = -8184 + -0110. 
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Correlation Ratios: 


7" po,.Ro, = °673,157, Prg,.Re, = '002,927 + -002,542, 
1”? Ro,.Ro, — "686,939, FP rag,.Ro, = '002,927 + 002,542. 
The »’?’s are both significant compared to the 7’s, and we have the high values 
1 Ro,.Ro, = °8205, 0 g.-Re, = "8288. 


It will be seen, however, that these values do not exceed considerably the value of the correlation 
coefficient and accordingly straight lines will graduate fairly successfully. These lines are: 
Ro, = 6-9473 + -8593Ro,, 
Ro, = 90841 + -7794Ro,, 
where Ry,, Ro, are the probable values of the Corneal Refractions in the “ vertical” and “ horizontal” 
principal meridians for given values Ry,, Ry, respectively of the given refractions in “horizontal” 


GORNEAL REFRAGTION G, & CG, IN PRINCIPAL MERIDIANS 
(OBSERVERS A&B ONLY) ALIEN JEWISH BOVS 


O--—-O G; on Ce 


Cz in Dioptres. Refraction in Princigal Meridiar zearer Vertical — 


G, ia Diogtres. Refraction iz Principal Meridian nearer Horizonte) 
Diagram 97. 


and “vertical” meridians respectively, all quantities being read in dioptres. Diagram 97 shows 
the observational points graduated by straight lines. 

We worked out again the relation between Ro, and Ro,, using the data of A, B and C, or 1006 
cases. We found: 

Corneal Refraction, Principal Axis nearer horizontal, Mean: 43-4779 D.; Standard Deviation: 
1-5567 D. 
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Corneal Refraction, Principal GORNEAL REFRACTION GC, & CG, IN PRINCIPAL MERIDIANS 


Axis nearer vertical, Mean: (OBSERVERS A,B &C)_ ALIEN JEWISH BOYS 
44-0828 D.; Standard Devia- . 
tion: 1-6357 D. 

Product Moment Correlation 
Coefficient: 7 = °-8552 - -0057. 


Correlation Ratios: 
1° Ro, Ro, = °133,164, whence 


1 Re,.Ro, = °8562, 
1" Ro, Ro, = °166,496, whence 
1 Ro, Ro, = *8755. 


As before the correlation ratios 
are so close to the correlation 
coefficient that we shall scarcely 
improve on linear regressions. 
The regression straight lines are 
(in dioptres): 

Ro, = 5-0136 + -8986Re,, 
Ro, = 7-5991 + -8139Re¢,. 
These, with the observation 
points, are figured in Diagram 
98, and the following table gives 

the data: 


e@—@ C2 on C; 
O—:--O G, on Gg 


Cy ix Dioptres. Refraction iv Principal Meridian rearer Vertical 


38-0 40-0 42-0 44-0 46:0 48-0 
GC, ie Diogtres. Refraction in Princigal Meridian nearer Horizontal 
Diagram 98. 


Table CCVI bis. Corneal Refractions in Principal Meridians (A, B and C). 


Re, Corneal Refraction in Principal Meridian nearer Horizontal in Dioptres 


ww wD Ye} 1D re) wD wD Xn} 
ON NX N fo | NN aN N N 
— oo Leesl <a) = © = Oo 
oO wo Oo fan) Q Qo Lael eo 
OO OD oO inn) =H H — sH 
38-125 1 
g 38-625 | 1 
g 39-125 2 
— 39-625 1 
si | 40-125 4 aoe 
af | 40-625 /—|—|—|2]4] 8) 1 a _ 
£B | 41-125 | —|—| 2 |—} 2 | 5 | 19 1 a — 29 
EPS 41-625 3 31/1 5/24;/—] 1/—/—|]—]—|—|—|]—!t—!|—|—| 36 
Ge 42-125 1 21/15] 8|44}/—/—f} 1/—1—]—}]—]—|—]—]—} 71 
g' | 42625 | —| —| —| — 3/3] 56] 5/17)36) 1/—] 27 1 — 73 
“arg | 43-125 3 2! 4] 9|25/58/ 2/—] 1/—]—]—]—]—|—| 104 
8-8 | 43-625 | — 1 2|/ 6|18| 27} 40] 4/—}—;/—]—]—]—|—] 98 
38 44-125 | — | —| —] —} —]| —|—}|—] 6] 5] 17] 41/56] 4)—}—]—]—]—]—|] 129 
E> | 44625 /—|—]—]—]1}—] 1] 38{ 2] 5] 7] 31) 33} 37) 2)—] 2) 1 |—]—|] 2 
BS | 45125 |—}—|—]|—|]—|—] 1]--| 4] 3] 4] 4 30 | 28 | 23} 2|/—}|—|—]—| 99 
_ & | 45-625 1/ 2/ 1);—j) 4] 3] 1] 11] 25] 30; 3) 1 |—|—yJ] 82 
8 a | 46-125 1 —| 1] 4 7/11! 10|14)—]1)—] 58 
E 46-625 = — 2/—/} 3| 2] 8/13] 4]; 1]—j] 33 
3 47-125 1 —| 1;—{ 3] 3] 2/13} 3}/—|]—]| 26 
j 47-625 _ 2} 1] 2/—] t}—}]—]}] 2) 3] 1)—) wv 
ne | 48-125 a —|{—/—}/—|—j}—|/—| 2f/—i—|—] 2 
48-625 a 1 2 2 5 
Totals | 1 |—| 4 | 7 | 20] 21 | 50 | 49 | 90 | 95 | 120| 132] 185] 96 | 66 | 52 | 49] 14] 3 | 2 | 1006 


EUGENICS 11, 1 & 11 ; 26 


Corneal Refraction (Central Values) in Dioptres 


46-625 
47-125 
47-625 
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We see that the results for A, B and C confirm those for A and B in the fact that R,,, Corneal 
Refraction in the principal meridian nearer to the vertical is greater and more variable than 
Ro,, Corneal Refraction in the principal meridian nearer to the horizontal. The chief difference 
between the present longer and the former shorter series is the shifting of the means roughly 
through half a dioptre. 

(vii) Corneal Refraction and Distance of Near Point. Table CCVII below provides the material 
furnished by the three observers A, B and C. 

The following constants are derived from the table: 

Corneal Refraction, Mean: 43-4413 D.; Standard Deviation: 1-3906 D. 
Distance of Near Point, Mean: 92-9642 mm.; Standard Deviation: 20-3431 mm. 
Product Moment Coefficient of Correlation: + = — -1156 + -0242. 

Correlation Ratios: 

nn”? p.cr = '039,806, nvp.cr = 017,241 + -004,520, . 
72”? or .we = °053,511, Por.wp = °037,135 + -006,565. 

The first correlation ratio is significant and gives y’vp.cr = ‘1995, the second is not definitely 
significant, but is higher and we have n’or.vp = :2313. In the former case it is difficult to improve 
much on graduation by the straight line. In the latter case it seems probable that graduation 
by a cubic might show that the straight line gives exaggerated mean values of the Corneal Re- 
fraction at small and great values of the Near Point Distance but this is the case where the correla- 
tion ratio is not significant, and the elaboration of higher curve fitting is hardly justifiable. 


Table CCVII. Distance of Near Point and Corneal Refraction. 


Distance of Near Point (Central Values) in mm. 


Totals 


Diagram 99 shows that the observations give somewhat irregular means, and that we shall 
hardly be likely to graduate with anything better than the straight line. We have: 
Dyp = 166-4283 — -169,111Ro,, 
Ry, = 44-1759 — -007,9021Dyp. 
Here Dyp and Ro, are the probable Distance of Near Point in mm. and the probable Corneal 
Refraction in dioptres for given Corneal Refraction and given Distance of Near Point respectively. 
The correlation, however, is so low that the results to be obtained are subject to large probable 


errors. 
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These results were confirmed by considering the same pair of characters for A and B only, 
when the product moment correlation coefficient sank to r = — -0242 + -0479, i.e. to an insigni- 
ficant value, but one not significantly different (considering its probable error) from that for 
A, B and C’s combined records. We conclude that the Corneal Refraction has little influence on . 
the Distance of the Near Point. 


POSITION OF NEAR POINT & CORNEAL REFRACTION 
(OBSERVERS A,B &C) ALIEN JEWISH BOYS 


— —@ Near Poirt on Refraction 
~- + Refraction on Near Point 


Position of Near Point in MM. 


Corneal Refraction in Diogtres 
Diagram 99. 
(f) Corneal Astigmatism. (i) Corneal Astigmatism, Right and Left Eyes. Table CCVIII contains 
our data for A, B and C. 


Table CCVIII. Degree of Corneal Astigmatism. The constants of this table 
Right Eye and Left Eye (A, B and C). are as follows: 
Corneal Astigmatism in Dioptres. Right Eye Mean, Right Eye: 


a/s|x -6277 D. + -0266. 
. a } 
8 aah Mean, Left Eye: 
2. eehala -6069 D. + -0250. 
é Sos baa wl i Standard Deviation, Right 
‘g¢|+000}—]| 1/55 ]155| 515] 2] 2 217 Eye: . ; 
Ee|+07)—|—|2 | 4s{as |22]5|—|—|—|—] 7] 103 Yes +8858 D. + -0186. 
se | +150;/—|—|—] 3] 13 |11]/6;1]—!1/1]—]. 36 Standard Deviation, Left Eye: 
a. | +225/—|—|—]| 1] 12 | 3] 9 1 26 
3 + 3-00 | — | — | — l iT 1 |. 25) 6° 1) ae Sy) ea ll -8298 D. + -0176. 
Oa eye Wont es es mee ee enlace ce Product Moment Correlation 
5 | + 5:25 ae ae 1 1 Coefficient: 
ie} + 6 ae = 
5 r= -7171 + -0146. 
tal = 5 {21 . 
Totals 4 |9 3| 1945 | 39 | 26] 8 | 3] 2) 3] 1 503 The array-means are: 
Grade of Corneal Probable Corneal Grade of Corneal Probable Corneal 
Astigmatism, Right Eye Astigmatism, Left Eye Astigmatism, Left Eye Astigmatism, Right Eye 
— 0-972 D. - -444D. — 1-038 D. - +173 D. 
0-00 D. + :197D. 0-00 D. + +187 D. 
+ 0-75 D. + -690 D. + 0-75 D. + :699 D. 
+ 1:50 D. + 1-096 D. + 1-50 D. + 1-458 D. 
+ 2:25 D. + 1-644 D. + 2-25 D. + 1-500 D. 
+ 3-882 D. + 2-912 D. + 3-417 D. + 2-833 D. 
General Population: + -607 D. General Population: + -628 D 


26-2 
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The plotted means of the arrays (see Diagram 100) do not suggest that any considerable 
betterment on straight line graduation will be obtained. The straight regression lines are: 


~ 


H, = 67177£z + -1852, 


~ 


2 7 Kp = :76549H, + -1632, 
where H, and EH, are the probable values in dioptres of the Corneal Astigmatism of Left and 
Right Eyes for given Corneal Astigmatism Ep, HL, of Right and Left Eyes respectively. 


The relationship was recomputed 
for A and B’s records only (see Table 
CCIX below) and gave: 

Corneal Astigmatism, Right Eye, 
Mean: -7463 + -0441; Standard De- 
viation: -9369 + -0312. 

Corneal Astigmatism, Left’ Eye, 
Mean: -7756 + -0449; Standard De- 
viation: -9540 + -0318. 

Product Moment Correlation Co- 
efficient: r = -7430 + -0211. 

The correlation is not materially 
altered, but A and B show higher 
Corneal Astigmatism than C, and 
more variability in its range of values. 

It will be seen, having regard to 
the probable errors, that there is no 
difference, either in the combined I 
records of A, B and C, or in those of “20 
A and B alone, in the Corneal Astig- 
matism of Right and Left Eyes, nor 


Ashifmatism iz Diogtres. Left Eye 


CORNEAL ASTIGMATISM -LEFT EYE & RIGHT EVE 


(opseRveRs A,B &C) ALIEN JEWISH BOVS 


3 
@- -@ Left Eye on Right Eye = 
O---O Right Eye on Left Eye 


4-0 0-0 4-0 20 3-0 40 5-0 


Astigmatism in Diopires. Right Eye 
Diagram 100. 


is there a difference in the variabilities of Right and Left Eyes. 
(ii) Corneal Astigmatism and Visual Acuity. This association has been discussed already: see 


pp. 158-162 and Diagrams 70-72. 


Table CCIX. Corneal Astigmatism. Left Eye and 
Right Eye (A and B only). 
Corneal Astigmatism. Right Eye 


QoQ uw ple) foun) aw uw [J a 

2 SESE SSS 7S) E |S | ro 
A (rey co +] ++] +] + [+ [i+ 
aS} 
< —150/ 2} 1 )/—);—}—]—J—j—}—|— 3 

-~0-75}/—| 1] 4] 2/— 7 
g 0-00} —| 5 }28)/21;}/—]1/—]—|]—|]—]. 45 
2|+075'—| 2/19] 64); 11} 3/—}—|—|]—j] 99 
e¢!+150!'—/—] 2] 7] 4] 3}]1]/—;—|—|] WwW 
Bol GOR ae |e elle) CLS pes een | ag 
S| + 3-00 yrs] ST a) ode |e eee ete 5 
<i | + 3-75 = z}/1}ajij— 4 
a | +450) — 1 ] 
a + 525 ae ene Ue | 1 
is) a — | | ——___ J] — jf J 
2 | Totals | 2 | 9 | 54/103} 16/12] 4] 2] 1] 21) 205 


(iii) Corneal Astigmatism and Refraction 
Class. Already dealt with: see p. 170 and 
Diagram 78. 

(iv) Corneal Astigmatism and General 
Refraction. Already dealt with: see pp. 
180-182 and Diagrams 84-85. 

(v) Corneal Astigmatism and General 
Astigmatism. Already dealt with: see 
pp. 188-192 and Diagrams 90-91. 

(vi) Corneal Astigmatism and Corneal 
Refraction. Already dealt with: see pp. 
197-199 and Diagram 96. 

(vii) Corneal Astigmatism and Distance 


of Near Point. We give first in Table CCX (p. 206) the combined observations of A, B and C. 
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The constants of this table are as follows: 
Distance of Near Point, Mean: 92-9642 mm.; Standard Deviation: 20-3431 mm. 
Corneal Astigmatism, Mean: + -5212D.; Standard Deviation: -7258 D. 


Product Moment Correlation Coefficient: r = — -0190 + -0238. 

Correlation Ratios: 
0" NP. dg = °043,327, FP yp.a, = °013,262 + -003,972, 
7" 4¢.np = *052,372, 7? 4¢.we = °018,568 + -004,687. 


Both »’*’s, if small, are significant and we have 7’yp_4, = ‘2082, and 9'4,.vp = °2288. 
These values are not large, but 


differ considerably from that of POSITION OF NEAR POINT & CORNEAL ASTIGMATISM 
the correlation coefficient. If we (OBSERVERS A,B &C)_ALIEN JEWISH BOVS 
examine, however, Diagram 101, 

it is difficult to detect any con- @- —© Nese Point on Astigmation 
tinuous relationship of a marked O----O Astifmatism on Near Point 


character between the two vari- 
ates. With extreme Corneal Astig- 
matism the Distance of the Near 
Point increases by about 10mm., 
but for values of the astigmatism 
from — 1-0 to + 2-5D. there is no 
regular change in the distance. 
In the same way only in the case 
of very close Near Points do we 
find any sensible increase above 
the average of Corneal Astigma- 
tism and then only to + 1-2 D. 
We think on the whole that we 
must conclude that our total data 
do not indicate any real relation- 
ship between Corneal Astigmatism 
and Distance of Near Point. 
Nevertheless, as both correlation 
ratios are significant, we have -2-0 -4-0 0-0 1-0 20 3-09 40 
fitted the array-means of Near Corresl Astigmatism ir Dioptres 

Point on Corneal Astigmatism 
with the parabola: 


Position of Near Point it NN. 


Diagram 101. 


NP. = 92-2702 — 3-421,1054, + 1-891,3974,%, 
and those of Corneal Astigmatism on Near Point with the cubic: 
A, = -43936 — -002,038 (N.P. — 90) + -000,274 (N.P. — 90)? — -000,0025 (.P. — 90)*. 
As the relationship, if there be any, is of some importance we worked it out for A and B’s 
observations only. We found: 
Distance of Near Point, Mean: 81-5909 mm.; Standard Deviation: 15-4415 mm. 
Corneal Astigmatism, Mean: 6061 D.; Standard Deviation:  -6619 D. 
Product Moment Correlation Coefficient: r = -1106 + -0473. 


Correlation Ratio: 1" wre.ca = *024,608, Wyp.ca = °020,202 + -009,536. 


Corneal Astigmatism in Dioptres 
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Table CCX. Corneal Astigmatism and Distance of Near Point (A, B and C). 


Distance of Near Point in mm. 
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It will be seen that 7” yp.c4 is not significantly different from 7yp.¢4, and that further r does 
not differ significantly from zero, having regard to its probable error. We should not therefore 
be able to assert that the degree of Corneal Astigmatism does affect the Distance of the Near 
Point on the basis of these observations only. 


Table CCXI. Corneal Astigmatism and Distance of Near Point (A and B only). 


Distance of Near Point in mm. 
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Considering the relatively high relation of General Astigmatism and the Distance of the Near 
Point, it is somewhat surprising to find how little relation Corneal Astigmatism has to this distance. 
The inference is that it is the astigmatism of the lens, not the cornea, which influences the position 
of the Near Point. 


(viii) Corneal Astigmatism and Direction of Axis. (Principal Axis nearer to horizontal.) It 
appears just worth while asking whether the slope of the axis is in any way related to the intensity 
of the astigmatism. We deal first with A, B and C’s records combined. Table CCXII provides 
the data. 

From this table all those with no Corneal Astigmatism are excluded. 

The following are the constants of this table: 


Corneal Astigmatism, Mean: -9350 D.; Standard Deviation: ‘9170 D. 
Direction of Axis, Mean: + 0°:4173 = 25’-038; Standard Deviation: 8°-8374. 
Product Moment Correlation Coefficient: 7 = — -0597 + -0261. 


But this is not very helpful, because the relationship may really be independent of the sign of the 
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Table CCXII. Corneal Astigmatism and Direction of Axis to Horizontal. 
Direction of Axis in Degrees (Central Values)* 
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Totals} 2/2/21] 44141} 8 /15{ 20] 8 | 525] 17 | 215/135} 5] 6]4/)]6) 4/1 =~) 665 


angle. Accordingly it seemed best to find the means of the arrays of Corneal Astigmatism for 
given grades of angle. We find the following values: 


Data for A, B and C Daia for A and B only 

Mean Corneal Mean Corneal 

Angle of Axis Astigmatism Angle of Axis Astigmatism 
— 35°:00 + -4773 D. ~— 35°-00 + :3750 D. 

— 16°-74 + 1-1087 D. — 16°-53 + 11-2115 D. 

— 8°57 + 1-0714 D. — 8°33 -+ 1-1667 D. 
0°00 + -8571 D. 0°-00 + -7331 D. 

+ 7:°79 + 1-6364 D. + 7°19 + 1-:3947 D. 

+ 16°-35 + 1-7838 D. + 13°-23 + 1-4516 D. 

+ 32°-62 + -7143 D. + 33°-125 + -4219 D. 
General Population: + -9350D. General Population: + +8478 D. 


It is clear from these results that there is a sort of rhythmic change of Corneal Astigmatism 
with the direction of the axis. We have a low value of the Astigmatism when the axis is horizontal; 
it rises on either side, reaches a maximum and then declines to become lower than the horizontal 
value when we reach 45°. Determining the measure of non-linearity we find for the correlation 
ratios: 


For A, Band C: n"o4.D4 = 071,518, 7 OA.DA = 009,023 ot 003,495. 
Thus 7”¢4.p4 is significant and n’o4.p4 = °2674. 
For A and B only: nN o4.DA = -074,650, 7 CA.DA = 016,316 + -006,288. 


Thus 7" ¢4.p4 is again significant and 9’o4.n4 = *2782. 
Accordingly there does appear to be a relation between the intensity of the Corneal Astigmatism 
and its direction, this association having about the same magnitude for both series of observations. 
The coefficient of correlation for A and B only is given by 
ry = — -0751 + -0350, 
which differs insensibly from zero. This suggests that the actual distribution of Corneal Astigmatism 
about the horizontal is really given by a nearly symmetrical curve. 
The additional constants of the A and B table are: 
Corneal Astigmatism, Mean: -8478 D.; Standard Deviation: ‘9633 D. 
Direction of Axis, Mean: 1°-3247; Standard Deviation: 9°-1819. 
The fact that in this case the correlation coefficient is practically zero, but the correlation ratio, 
nearly -3, will serve to indicate the danger of trusting to the former only in such investigations as 
the present. 


* Angle positive when axis is elevated above horizontal on nasal side, negative when depressed below horizontal. 
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Table CCXITII. Corneal Astigmatism and Direction of Axis (A and B only). 
Direction of Axis in Degrees (Central Values) 
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Totals | 1 | —| 1|—] 4] 9 | 18] 9 | 266] 15 |135/105| 5 | 4]4]3 ] 411 | 368 


The accompanying radiograms show for the two series the distribution of Corneal Astigmatism 
with Direction of Axis: see Diagrams 102 and 103. 

If this symmetry of the distribution account for the lowness of the correlation coefficient (the 
sign of the axial angle not being related to the intensity of the Corneal Astigmatism) it is clear 
that we may combine the negative and positive angles of the same value. Our table then becomes: 


Table CCXIII bis. Corneal Astigmatism and Direction of Axis, disregarding sign. 
A, B and C’s data A and B’s data only 


Corneal Astigmatism in Dioptres Corneal Astigmatism in Dioptres 
Sis xls} eX 1/8] e& }/ SleL]|Sl Ql] Ss |Totasi Sle )/s); 81s] & | S|] SI] | Totals 
alaj;je]lo}t ola a o | oo | Hw | mo |] © a~!lO]/do] 644 nq om | om | HY] 
\ | | + + + +] + | + +] + | | + + + +] +4] + + 
o° | 1 3 | 12 | 76 | 326 | 55 | 37 9 1/2'{3 — | 525 2 | 10 | 55 | 158 | 21] 14 3 —|1|2 266 
+ 5° |—]1 1 3 8) 3] 354} 2 3 .|—|05}]— | 25 1 1 3 8} 3] 35/1 3] —]05] 24 
+10° | —}|]—|—] 34) 23) 5| 35)45)] 1 1)05)—| 41-5 |1|]—|—} 3] 20] 2 15/35] 1 |—|05] 31-5 
+15° |—]1 1;/—)] 18] 5] 3 25 | 3 |—|]—]—] 285] 1 1/— 9 1 2 15] 2)—]— 19°5 
+20° ;— | 1 |— 1 5] 2} 3 —|;—|{]—/]—] 1 13 1]}]/—} 1 2| 3) 3 —!—]1)— 9 
+25° | —} 1 | —J|— 1 3} 2 —}—|]—|]—}]— 7 fe 1 2 1 —}—]—j] —- 4 
+30° | —|—] 2 1 4 1} — | —J—f-—-}]—)j]— 8 — | 2 1 1] 1} — | —}]—-J]J—j]— 5 
+35° | — | — |] — 1 5 1/ — }1 —}—|]—I]— 8 —|—}1 2);—}] — |—}—J]—] — 3 
+40° }—|—]| 2) 2 2);—|; — |—y-—J]—|—|]— 6 —] 2) 2 1j/—} — | —}J—}]—|— 5 
+45° | —}|—|]—] 2 lL}—}]— J —J-y—}|— ] — 3 —}—} LJ —F}J—} — J —}—- J] -] J 
Totals 1 7 18 | 89 | 388 | 75 52 19 8 3/4 1 | 665 5 | 16 | 67 | 202 | 33 25 9 6 2 3 368 © 


The constants of this table are: 
For A, Band C: Corneal Astigmatism, Mean: -9350D; Standard Deviation: -9170D. 
For A and B only: Corneal Astigmatism, Mean: ‘8478 D; Standard Deviation:  -9633 D. 
For A, Band C: Direction of Axis, Mean: 3°-4549; Standard Deviation: 8°-2715. 
For A and B only: Direction of Axis, Mean: 4°-0965 ; Standard Deviation: 8°-4477. 
Means of Arrays: 


Data for A, Band C Data for A and B only 
Grade of Corneal Mean Angle Grade of Corneal Mean Angle 

Astigmatism of Axis Astigmatism of Axis 
— 1-59 D. 8°-125 — 1:50 D. 8°-000 
— 0-75 D. 8°-889 — 0-75 D. 10°-000 
0-00 D. 3°:371 0-00 D. 3°-806 

+ 0-75 D. 2°-603 + 0-75 D. 2°-871 
+ 1-50 D. 4°-267 + 1-50 D. 5°-455 
+ 2-25 D. 3°-990 + 2-25 D. 5°-900 
+ 3-00 D. 6°-711 + 3:00 D. 6°-944 
+ 4-41 D. 6°-719 + 4:30 D. 7°-500 


0 
General Population: 3°-4549 General Population: 4°-0965 
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Here, although the results are somewhat irregular, it is clear that the angle gets larger as the 
Corneal Astigmatism increases, whether with, or against, the rule. As a general measure of the 


association we can find y’p4.c4- We have: 


For A, Band C: 1 DA.CA = -031114, T DA.CA = -010,526 + -003,772. 
For A and Bonly: 7?p4.c4 = 048,941, Fn4c4 = 019,036 + -006,787. 
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Diagrams 102, 103. 


In both cases 7’? is significant, having — DIRECTION OF AXIS & CORNEAL ASTIGMATISM 


regard to 7? and its probable error. The ALIEN JEWISH BOYS 
distributions for A, B and C and for A, 
B only are very similar, and the values 
of 7’ are: 

for A, Band C: n' pa.ca = *1'765, 
and for A and B only: 7’ p4.ca = °2212. 
These values are less than we have 
found for the correlation ratios in the 
like series of General Astigmatism on 
Direction of Axis (p. 207). The plotted 
array-means are shown for both cases 
in Diagram 104. They have been gradu- 
ated by aid of the spline only, as the 
apparent existence of two points of 
inflection disqualified the use of a cubic, 
and the subject did not seem of suf- 
ficient importance to justify the great 
labour involved in fitting quartics. But 
the graphs indicate a possible evolu- -2-0 -4-0 0-0 
tionary tendency for a_ principal Astiématism in Diogtres 
meridian to approach the vertical. Diagram 104. 


EUGENICS I, 1 & 11 
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(g) Distance of the Near Point. (i) Distances of the Near Points of Right and Left Eyes. Our 
material is exhibited in Table CCXIV below. 


Table CCXIV. Near Point of Right Eye and Near Point of Left Eye. 


Left Eye. Distance of Near Point in mm. (Central Values) 
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The constants of this table are as follows: 


Distance of Near Point, Right Eye, Mean: 92-856 + -665 mm.; 
Standard Deviation: 19-8950 + -4831 mm. 


Distance of Near Point, Left Eye, Mean: 93-335 + -705 mm.; 
Standard Deviation: 20°5440 + -4988 mm. 


No significant difference between Right and Left Eyes is indicated in either mean or variability. 

Product Moment Coefficient of Correlation: r = -7828 + -0133. 

The high correlation and an examination of Diagram 105 indicate that we shall hardly better 
a straight line graduation. There is, however, some indication that for great distances of the Near 
Point of one eye, that of the other eye scarcely keeps pace with it. The equations to the Regression 
straight lines are: es e 

EK, = -80834H, + 18-2765, Hp = -75807H, + 22-1013, 

where #, and Ez are the probable Near Point Distances of Left and Right Eyes for given Near 
Point Distances Hy and H, of Right and Left Eyes respectively. 

For the association of the Near Point with: (ii) Visual Acuity, see p. 163; (iti) Refraction 
Class, see p. 171; (iv) General Refraction, see p. 183; (v) General Astigmatism, see p. 193; 
(vi) Corneal Refraction, see p. 202; (vii) Corneal Astigmatism, see p. 204. 
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POSITION OF NEAR POINT - LEFT EVE & RIGHT EVE 
ALIEN JEWISH BOYS 


Position of Near Poiet in MM. Left Eye 


@—@ Left Eye oa Right Eye 
O—--O Right Eye on Left Eye 


Position of Near Point in MM. Rigki Eye 
Diagram 105. 


(h) Monocular Accommodation in relation to Age and Visual Acuity. (i) Influence of Age on 
Accommodation in Children. From the Near Point we naturally turn to the Monocular Accom- 
modation, taking it to be 100/d + R, where d is the Distance of the Near Point in centimetres 
and R the General Refraction for the eye. 


The accompanying Table CCXV gives the correlation of Age and Accommodation. 


Table CCXV. Correlation of Accommodation and Age. 


Accommodation in Dioptres 


Age in Years (Central Values) 


2-3 | 3-4 | 4-5 | 5-6 | 6-7 | 7-8 | 8-9 | 9-10 | 10-11 | 11-12] 12-13 | 13-14 | 14-15} 15-16] 16-17 | 17-18 | 18-19 | 19-20) 20-21) Totals 
77083 2 1 1 —_— = — 2 6 
8-2083 2 — 1 — 1 4 
8-7083 — 1 2 3 2 1 cd 1 10 
9-2083 | —|—};-—]|]—] 1 2 4 8 4 3 2 2 1 2 1 30 
9-7083 4 2 1 9 10 4 _ 2 1 1 34 
10-2083 | 1 1 |—| 2 2/)/—|— 2 3 7 6 6 4 34 
10-7083 | — | —|—]|—] 3 3 4 6 13 8 2 3 I i 44 
11-2083 |} — | —|—|—|1 3 7} 10 ll 17 11 7 1 68 
11-7083 1 4 4 12 12 3 4 3 I 44 
12-2083 | — | —|—]| 3 2 2 5 | 16 12 23 8 4 4 4 — 1 —_ = = 84 
12-7083 | — | —] 1 2 3 8} 5] 13 15 12 7 17 7 1 5 1 1 _ —= 98 
13-2083 | — | —| — | — | 2 2 |12| 10 | 25 19 17 17 4 6 114 
13-7083 | — | —}—| 1 3 3 7 4 13 16 18 11 5 1 4 — 2 cared —_ 88 
14-2083 i 2 4 7 2 3 1 1 ] — I = —_ —_ 22 
14-7083 1 1 1 3 1 1 —_ cad 8 
15-2083 | —|—|]—|—]| 1 T}—-]— 1 2 1 — 1 I 8 
Totals 1 1 1 8 | 18 | 29 | 56 | 82 | 130 |} 1386 | 86 73 38 19 ll 3 3 | — 1 696 
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The constants of this table are as follows: 
Age, Mean: 12-0732 years; Standard Deviation, 1-5274 years. 


Accommodation, Mean: 11-1411 D.; Standard Deviation, 2-3576 D. 
Product Moment Correlation Coefficient: 7 = + -0792 + -0254. 
Correlation Ratio of Accommodation on Age in years: 
0”? 4ec.y = °028,109, “WP 4ec.y = °021,552 + -005,248. 
These results indicate that the correlation ratio is not significantly different from zero. On 
the other hand, the correlation coefficient might be considered as just significant, but its small 
intensity indicates an increase of accommodation with age. The array-means are as follows: 


Grade of Age Mean Accommodation 
8-3083 years 11-500 D. +- -356 
* 9-2083 ,, 10-683 D. +--290 
9-7083_,, 11-156 D. + :273 
10-2083 sy, 10-979 D. + -273 
10-7083 __s,, 10-336 D. +--240 
11-2083 ___,, 10-847 D.+-193 
11-7083 _,, 11-167 D.+-240 
12-2083 sa, 10-914 D.+--173 
12-7083 ss 11-266 D.+-161 
13-2083 __,, 11-345 D.+--149 
13-7083 ,, 11-654 D.-+-:170 
14-5241 ,, 11-240 D. +.-258 
General Population: 11-141 D.+--060 


Only two of these array-means can be considered as possibly significant, and the whole series 
shows no orderly sequence (see Diagram 106). We were accordingly driven to the conclusion that 


ACCOMMODATION & AGE (ALL EVES) 
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Age in Years 
Diagram 106. 
(The cubic from Diagram 107 has been superposed for comparison.) 


KARL PEARSON ann MARGARET MOUL 213 


between the ages of 8 and 15 years no definite change in accommodation was to be traced in our 
Jewish material. This seems so opposed to the views expressed in current textbooks that we 
went further into the matter. As far as we have been able to trace the statements they appear 
all to go back directly or indirectly to Donders’ epoch-making work; there appear to be no fresh 
detailed measurements on age and accommodation actually provided*. Now Donders’ age curve 
is for emmetropic eyes only and it occurred to us that we may have confused the issue by dealing 
with all eyes. We accordingly extracted the Near Points and formed the accommodation for all 
emmetropic eyes, reckoning as such those with refraction not more than + :25 D. We found 
354 such eyes arranged as in Table CCXVI. 


Table CCXVI. Correlation of Age and Accommodation. Emmetropic Kyes. 
Age in Years (Central Values) 
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The constants of this table are: 
Age, Mean: 11-7139 years; Standard Deviation: 1-6588 years. 
Accommodation, Mean: 11-0715 D.; Standard Deviation: 2-:2296 D. 


Thus the emmetropic boys are slightly younger and more variable in age, but the accommoda- 
tion remains very nearly the same. The array-means here exhibit a more orderly sequence: 


Grade of Age Mean Accommodation 
8-2083 years 11-517 D. + -388 
9-444] ,, 10-883 D. + -207 

10-4883 _,, 10-690 D.-+-213 

11-4305 __,, 10-580 D. + -205 

12-2083 __,, 11-031 D.+-229 

12-7083 ,, 10-950 D. + -232 

13-2083 ___,, 11-575 D. + °238 

13-7083 __,, 12-168 D.+.:241 

14-4305 _,, 10-672 D. +: -354 

General Population: 11-072 D. + -080 


Diagram 107 shows these means and we have graduated them with a cubic. We see that 
although the arrays give a fairly orderly series of points, the probable errors of the system of 
means would not alone justify us in stressing the differences. But we begin to see that there is 
not a continuous fall of accommodation with age; there is a fall from 8 years to 11-5 or 12 years, 


* This is for example essentially the case in Fuchs’ textbook. He gives no reference beyond Donders. The smaller 
books extract from each other without reference, but their data are from Donders. 
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then a rise during the pubescent years followed by a probable fall about 15, which no doubt 
would be continuous throughout the remainder of life*. Representing the association by a single 
constant we have: 

7"? 4eo.¥ = '048,743, WP 40c.y == '022,599 + -007,525. 
7” 4e.y is therefore probably significant as compared with 7?4.¢.y and we have an association 
measured by 77’ 4cc.y = ‘2208, a small but definite relationship. This relationship would un- 
doubtedly disappear, if we combined the prepubescent dip with the pubescent rise. Now, how 


ACCOMMODATION & AGE (EMMETROPIC EYES) 
ALIEN JEWT8H BOYS 


Accommodation in Dioptres 


Age in Years 
Diagram 107. 


do we meet the statements of the textbooks that accommodation of emmetropic eyes continually 
decreases with age? We believe all these statements are based ultimately on the measurements 
of Donders and particularly on Fig. 104 of p. 207 of his workt (see our Diagrams 108 and 
109). This diagram is the one reproduced by Fuchs (T'ext-Book of Ophthalmology, 2nd ed., 1905) 
with the vertical scale changed to that of dioptres, and it is from Fuchs or the original Donders 
that the tables in the smaller textbooks of ophthalmology have been obtained; like Donders 
they all begin at 10 years of age. Here we have a perfectly continuous falling curve. How did 
Donders obtain it? Luckily, while we have not the individual measurements on which Donders 


* Graduating by a cubic we find for its equation 
Acc = 10-89320 + -26936 (Y — 11-7083) + -05388 (Y — 11-7083)? — -01800 (¥ — 11-7083), 
where Acc is the mean or probable accommodation in dioptres for a boy of age Y in years. The minimum value of the 
accommodation is found from this cubic to be 10-67 at 10-24 yrs., and the maximum value just after puberty (at 
15-68 yrs.) is 11-72. Thus the total average difference in accommodation for the seven years under consideration is only 
about one dipotre. 
t On the Anomalies of Accommodation and the Refraction of the Eye, New Sydenham Society, 1864. 
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based his curve, he has given us in his Fig. 107 (p. 209; it should be labelled, as called in Donders’ 
text, Fig. 105) one of the earliest scatter-diagrams exhibiting the correlation of accommodation and 
age. It thus becomes evident, that while the general sweep of his swarm of dots is undeniably given 
by his Fig. 104, there are only 16 dots for the years 10 to 15. It is quite clear that on the basis of 
Age in Years 
10 15 20 25 30.36 40 45 60 65 60 66 70 78 80 
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Diagram 108. Donders’ Accommodation Curve. Diagram 109. Donders’ Data. 


these 16 dots, it would have been hard to determine the nature of his curve between 10 and 15, and 
accordingly Donders, as we have said, has taken the general sweep of his scatter-diagram from 10 
to 80 years of age, wholly disregarding the fact that his curve does not by a considerable distance 
pass through the mean of his 10 to 15 years group. We give on p. 216 the 16 points of Donders 
for these 6 years on an enlarged scale taken as accurately as it was possible to do it from his diagram 
on p. 209. The mean of them for ages 10 to 15 is 12:82 D.* The individuals were presumably of 
Dutch extraction and accordingly we must infer that our children of Jewish extraction, with an 
average accommodation of 11-07 D., were inferior to the Europeans, in so far as their Near Point 
was farther off. It would be of interest to know whether the accommodation of all middle eastern 
races is less than that of the Europeanf. 

We think that any conclusion that it has been shown once and for all by Donders that accom- 
modation uniformly decreases from 10 to 80 years of age cannot be accepted, and that our very 
small correlation between accommodation and age between the years 8 and 15 is not really 
contradicted by Donders’ observations when these are analysed. He has, indeed, overlooked the 
noteworthy changes which occur in most growth curves as they reach the pubescent years. 
When, however, we approach Donders’ observations with the knowledge derived from our Jewish 
Boys, it is not hard to see that they not only do not refute but in a general way confirm our 

* This is the mean found from Donders’ 16 observations between ages 10 and 15, not of course the value read from his 
smoothed curve for the entire ‘“‘swarm”’ of his observations from age 10 to age 80, which is about 13-4 D. 

t+ Observations made in our Laboratory give for the Accommodation of eyes of Jewish undergraduates 18-25 years of 
age (Mean Age: 21-27 yrs.) 8-805 D. Donders’ data—probably for Europeans—show 10 D. for this age. But Donders was 
working with emmetropic eyes only. There were scarcely any of these Jewish students (about 4%) who had emmetropic 


eyes; their mean accommodation was 8-67 D., which seems to indicate that there is not much difference on the average 
in this case between all eyes and emmetropic eyes. 
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results. In Diagram 110 below we have placed Donders’ observations indicated by small circles 
in their approximate arrays, and then marked by a cross the means of each array of two or more 


points. These means exhibited as crosses were then 
joined by a splined curve; we thus get a regression 
curve of accommodation on age singularly like that 
of our 354 observations, namely, there is a fall in 
accommodation from 10 to 12, followed by a pube- 
scent rise and then a further rapid fall. We hold 
therefore that the Donders 10 to 80 years’ accom- 
modation curve cannot be cited as contravening 
our results; indeed his isolated values are in accord- 
ance with them. There is very little change in 
accommodation on the whole between 8 and 15 
years, the loss of the first three years being regained 
in the next three; thus we find the correlation 
coefficient extremely small, but this is not true of 
the correlation ratio. 


(ii) Monocular Accommodation and Visual Acuity. 
We have already indicated that as there is an asso- 
ciation between the Distance of the Near Point and 
Visual Acuity (see p. 163) and between General 
Refraction and Visual Acuity (see p. 153), we 


Accommodation ir Diogtres 


AGCONMMODATION _& AGE 
DONDERS’ OBSERVATIONS 


O = Dorders’ Obseroations 
X = Mean of Arrays 


Age in Years 
Diagram 110. 


should anticipate that our measurement of accommodation will be influenced by the degree of 
Visual Acuity. Our data are given in Table CCXVII. 


Table CCXVII. Monocular Accommodation and Visual Acuity. 


Accommodation in Dioptres 


& oy ede een oe ee ee og Em en 
SiS it ie s(t isis isis lala lal sls ls] sls] a | tome 

at — — _ cl — — — — “+ AN 
S| 1-50 cae eer een ae ee 3 
=| 1-40 — : —|—]--|]—] 3] 4) 2)/2])/—]/—};—/;—] 4a 
> | 1.99 = 1 2) 5| 8/20/19] 9] 2) 2}—)]—]—]1}-~|—I 69 
a] |—;}—/|—/—]| 2] 7 |] 19] 25] 36} 36/15/13} 6) 6} 2}/—] 31 )/—! 14 169 
5 91 |—}|—}—]—]|3 | 3] 3] 13] 32]35]28]29]12] 4] 3 )311)—|—1 167 
& 1 |—|—|—]—!3 |] 5 |12] 14/17/15] 10| 6] 6} 2} 1}—-}/—}—|—] 91 
2) 58 |—|—}|—]—|3]6] 4] 9) 9/17] 11] 6] 2 1 68 
> 37° ;—})—|]—]2]3)2)] 4] 6; 7] 6] 4] 6] 4] 1 1 46 
2 “25 1 2} 2) 5] 1) 1) 6] 1 19 
< 4 |. fi 2/2)/—/ 2] 1] 2) 5] 3] 3] 1 23 
z os |—/|—/1]/2]1]2] 2) 1] 1 10 
FI 04 - 1 1} 2) 1] i] i} J 8 
| Totals} 1 | 1] 1 | 8 | 18 | 28 | 55 | 80 / 130/135] 82 | 75 | 38|16|/ 9] 3] 3 }|—]| 1] 684 


The constants of this table are as follows: 
Visual Acuity, Mean: *8513; 
Accommodation, Mean: 11-1195 D.; 


Correlation Ratios: : 


Standard Deviation: -3335. 
Standard Deviation: 2-3366 D. 
Product Moment Coefficient of Correlation: r = -1890 + -0249. 


0 V4. Ace = -104,000, Wy 4. Ace = 
0 ac6 Va = 140,334, ? scc.vA = 


024,854 + -005,765, 
016,082 + -004,588. 
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Both y’’s are significant having regard to the probable errors of the 7’s. We have accordingly: 
1' va. dce = °3225, 1’ 400.v.4 = *3746. 

The large values of the correlation ratios relative to the value of the correlation coefficient 

suggest that the regression lines will be found to be skew. This is confirmed by the array-means: 


Grade of Mean Grade of Mean 
Accommodation Visual Acuity Visual Acuity Accommodation 

4-904 D. +2609 1-42 14-81 D. 
6-45 D. +5922 1:29 10-88 D. 
7-45 D: *7589 1-11 11-02 D. 
8-45 D. -8061 91 11-88 D. 
9-45 D. +8575 “75 10°75 D. 

10-45 D. -9007 58 10-82 D. 

11-45 D. 8936 37 10-84 D. 

12-45 D. +8513 25 11-24 D. 

13-45 D. +8163 14 9-84 D. 

14-45 D. “8761 -06 8-17 D. 

15:45 D. 1-:0294 

17-13 D. -9576 

General Population: +8513 General Population: 11-1195 D. 


It will be seen at once from these results and from Diagram 111* that the two ocular characters 
VISUAL _AGUITY & ACGOMMODATION 
ALIEN JEWISH BOYS 


~ ~@ Visual Acuity on Accommodation 
---© Accormodalionr on Visual Acuity 


Visual Acuity Reduced to Workin Scale 
Visual Acuity Srellen’s Scale 


Accommodation in Diorives 
Diagram 111. 
* Visual Acuity on Accommodation was graduated by the cubic 
VA. = -87472 + -01868 (Acc. — 10-45) — -007,855 (Acc.— 10-45)? + -000,920 (Ace. — 10-45)3. 
Several attempts were made to get a reasonable algebraical graduation of Accommodation on Visual Acuity, but we 
were at last forced to use the spline to indicate the nature of the relationship. 
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Accommodation and Visual Acuity are not independent. As the Accommodation increases so 
does the Visual Acuity, although for the range of Accommodation 9 to 13 D. there is a check to 
this increase. In the same way with a very low Visual Acuity there is a low Accommodation, 
from Visual Acuity -25 to 1-30 there is an almost steady Accommodation, but with better vision 
than 1-30 (than Snellen 6/5, say) there is a rapid rise in Accommodation. It is usually asserted 
that Visual Acuity is a function of the nervous system of the eye and that the Accommodation 
depends on muscular action on the refracting power of the eye. It would seem from the present 
results that either there is an association between the nervous system and this muscular action, 
or what is more probable that the present method of determining the Near Point really depends 
on Visual Acuity. At the same time, our investigations have shown that there is a very close 
association between Visual Acuity and General Refraction. Hence it seemed a priori certain that 
the Far Point would be correlated with Visual Acuity, and so, as is actually the case, there 
would be a correlation between Accommodation, as it is now measured, and Visual Acuity. 
There may be two separate factors, Accommodation a purely muscular power, and Visual Acuity 
a function of the nervous system of the eye, absolutely independent, as some authors have sug- 
gested, one of the other, but unless we can suppose that our observations were badly made, we 
must assert that the quantities now measured under these names are not independent. 


(i) Influence of Pigmentation of the Fundus on Ocular Characters. (i) Relation of Fundus to Eye 
(Iris) and Hair Pigmentation. The fundus was observed and classified in the four categories, Light, 
Medium Light, Medium Dark, Dark. In order to test the significance of this classification, i.e. to 
ascertain whether we were measuring something of anthropometric value, we asked ourselves 
first what association it would show with Iris and Hair Pigmentation. As we have already stated, 
the former was classified by aid of Rudolf Martin’s Eye Scale, which provides 16 standard eyes*, 
and the latter by the aid of Eugen Fischer’s glass thread hair scale. 


Table CCXVIII. Fundus and Eye (Iris) Colour. 


Eye Shade on Martin’s Scale Fourfold Table 
Eye Colour 


Light | Dark 


Fundus 


Light re ee ee ee ce 1 2)— 12:5 (1-6) | (7-16) 
Medium Light | — | — | 3 | 38 | 23-5 10} 1 { 261-5 

Medium Dark | — | 4 | 22 | 86 | 22-5 2] 2 | 196 Light 89-5 | 184-5 
Dark ... ~{— fl 5} 18] 3 —|]—] 31 Dark 181-5 | 45:5 
Totals «-| — | 5 | 80 | 142] 50 14] 3 | 501 Totals 230 


It seemed adequate for our present purpose to condense the large table into a fourfold and 

then determine the tetrachoric coefficient of correlation. We found: 
7, = + -6831 + -0305. 

There is thus a quite high association between the eye pigmentation as judged on Martin’s scale 
and the ophthalmologist’s judgment of the fundus pigmentation by aid of the ophthalmoscope. 

Turning to the Fundus and Hair Colour our data will be found in Table CCXIX on p. 219. The 
fourfold table is obtained by taking one dichotomy between Medium Light and Medium Dark 
fundi, and grouping together 4, 5, 27, 28, 29 and 30 as Dark Hair, the remainder being treated 
as Light Hair. 


* Tt is not hard to criticise this scale, but it is not easy to provide a better. The two copies in the Galton Laboratory 
are not wholly in accord, and no deep blue eyes are represented. We are inclined to believe that the influence of light 
on the colour of glass eyes is not inappreciable. 
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Table CCXIX. Fundus and Hair Colour. 

Fundus 2 | 3 4 5 6 7/8; 9] 10] 11 14 25 | 26 | 27 | 28 | 29 | 30 | Totals 
Light Spe fo—at| eed Oe ee case mag fem Sie ee = 1} 1{/—]/—|—]—] 1265 
Medium Light 1 |—| 4 | 30-5 | 72 20-5 | 74 | 28 | 14) 05) 5 1 2 3 5} —]|]— 1 | 261-5 
Medium Dark ] 1 L | 54:5 | 57-5 | 17-5 | 31 | 15 2; 15] 1 —_— 1 1]|10} 1 | —}{|— J] 196 
Dark... .~)l—f|—;—] 17 6 1 3] 2 2 31 
Totals Ms Z ] 5 | 104-5] 135-5; 39 | 111} 49 | 16] 3 6 oe 1 Lopate 4 5 17 1 | — 1 501 

Fourfold Table 

Hair Colour 
Fundus | Dark | Light | Totals 
Light 111 163 274 
Dark 148 79 227 
Totals 259 242 501 


The value of the tetrachoric correlation coefficient is: 
Yr, = + +3783 + -0426. 

This value is in very good accord with what we might anticipate, i.e. a value somewhat less 
than the correlation between Hair and Eye Pigmentations which is about -46*. The value of the 
correlation between Fundus and Hair Colour for constant Iris Colour is -0935, i.e. very slight, it 
would indeed be zero, if the correlation between Fundus and Hair Colour were -3178 instead of 
+3783. Or we may conclude that the association of pigmentation in Hair and Fundus is in the main 
due to the relation of both to iris pigmentation. 

These last two tables suggest that the Fundus has been reasonably classified and that its 
pigmentation might serve as a valuable anthropometric character. 


(ii) Pigmentation of Fundus and Visual Acuity. The following table provides our data: 
Table CCXX. Appearance of Fundus and Visual Acuity. 


Visual Acuity 
Fundus 1:50 | 1-40 | 1-29 | 1-11 | -91 75 | -58 | -37 | -25 | -14 | -08 | -04 | Totals 
Light a 1 4 9 3 25/ 5 15 | 1 ee ee ey, 
Medium Light | 2 8 50 ss | 115 | 53 | 70 | 55 | 235 | 3251 6 | lO | 513 
Medium Dark | 1 4 32 97 | 91} 47 | 345] 32 | 20 | 125] 10 4 | 388 
Dark ees 1 7/ 21] lO} 5 6 | 5 3 aS 58 
Totals 3 15 | 84 | 196 | 236 | 113 | 112 | 98 | 50 | 49 16 | 14 | 986 


Taking the dichotomy between Medium Light and Medium Dark, we can treat the table as , 
biserial and we find: 7, = 0756 + -0336, 


a value hardly more than 2-2 times its probable error and accordingly of doubtful significance. 
Anyhow, it points to the association being of no real importance. It is worth while, however, 
to consider the array-means. We have: 


Grade of Fundus Mean Visual Acuity 


Light ree 7402 + -0463 
Medium Light 7662 + -0106 
Medium Dark +8193 + -0122 
Dark... +7321 +-0316 
General Population: °7843 + -0077 


* See the earlier portion of this memoir: Annals of Eugenics, Vol. 1, pp. 22, 28. 
{ Standard Deviation: -3563. 


28-2 
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Here again, considering the probable errors, the results border on the non-significant. But as 
they point to a reasonable conclusion, namely, that the extremely light or extremely dark fundi 
have a somewhat less Visual Acuity, we considered that there might be a slight relationship and 
proceeded to find the correlation ratio, although this is a doubtful procedure with only four 
arrays. We have: 

7” y4.rp = 006,822, Py4.rp — ‘003,043 + -001,673. 
Again, we see that 7’; 4 7p only exceeds 774. 7p by about 2-2 times the probable error of 7y4 rp- 
We cannot therefore definitely assert significance, the value of 7’;4 7p would be about -0826, 
and raised to ny4.7p = ‘0926 by the class index correction*. We are inclined to think there is 
some slight influence of the Pigmentation of the Fundus on Visual Acuity, Medium Pigmented 
Fundi having very slightly superior vision, but we cannot demonstrate it unquestionably on our 
data. 

(iii) Pigmentation of Fundus and Refraction Class. We can hardly anticipate that there should 
be a relation between the structure of the eye and the pigmentation of the fundus. There is, 
perhaps, little probability of such an association anatomically or physiologically, but if the lighter 
fundi arise from racial admixture, the result cannot be definitely excluded. Our material is con- 
tained in the following table: 


Table CCXXI. Appearance of the Fundus and Refraction Class. 


Refraction Class 


Hyper- ‘ : 
Fundus metropic Hyper- Emme- Myopia Myopic Mixed Totals 
Astigmatism metropia tropia Astigmatism | Astigmatism 
Light diy 1 1 15 7 1 — 25 
Medium Light 37-5 28 294-5 60 25 8 453 
Medium Dar 33-5 26 215-5 54 7 4 340 
Dark... <a 2 3 34 16 3 — 58 
Totals 74 58 559 36 12 876 


The difficulty as usual occurs with the small class of Mixed Astigmatics. If we divide them 
between the Hypermetropic and Myopic Astigmatics we can condense our table thus: 


Hypermetropic Myopic 


Fundus Astigmatism Hypermetropia Emmetropia Myopia Astigmatism Totals 
Light 42-5 29 309:5 67 30 478 
Dark 37-5 29 249°5 70 12 398 
Totals 80 58 559 137 42 876 


Determining a biserial Correlation Ratio, we have: 
7” pp.ro = °013,724, Prp.rc = 004,566 + -002,172. 

This suggests that 7np.ro is significant, and y’rp.rc = ‘1171, although small, suggests further 
inquiry. We therefore returned to the original table and treated it as a 6 x 4 contingency table. 
There resulted: ¢’2 = 024,688, 62 = :026,256, or on the basis of mean square contingency, ¢’ is 
less than ¢? and no association can be predicted. The chief contributions to 4” arise, however, 
in the Myopia and Myopic Astigmatism columns, there being an excess of Myopes with very 
dark Fundi and a defect of Myopic Astigmatics with dark Fundi. We can exhibit this by aid of 
percentages from our condensed table: 


* Class index correlation = -8921. 
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Table CCX XII. Percentages of Medium Dark and Dark Fundi in the several Refraction Classes. 


Hypermetropic : : 3 Myopic General 
Astigmatism | Hypermetropia | Emmetropia Myopia Astigmatism Population 

46-9 %, 50-0 % 44-6 %, 51-1 % 28-6 % 45-4 9%, 

4:38 % +44 % 414% 42-9 % +5-0%, $13 % 


Here, having regard to their probable errors, there is no significance in the deviations of the 
percentages in the first three categories from the General Population value. The last category, 
Myopic Astigmatism, and possibly the last but one, are significant. We might anticipate as the 
Jews are very Myopic that the darker the individual, i.e. the more typically racial, the more 
Myopia; but what about the defect of Myopic Astigmatism? We have already seen that the 
Jewish boys, while more Myopic, are less Astigmatic than the English boys*. Can it be that 
Astigmatism is a result of racial crossing? The more mixed a race, the more Astigmatic because 
the inheritance has been particulate and not a perfect blend—can such hybridism be called into 
account to any extent for Astigmatism in general? If this be correct, the large percentage of 
Astigmatic Myopes in the Jewish boys with the Lighter Fundi may againf indicate that we are 
not dealing with a pure Jewish race. This is only thrown out as a suggestion, it may receive some 
confirmation when we come to deal with Astigmatism directly. The differences are too small to 
lay great stress at present on the point. 


(iv) Pigmentation of Fundus and General Refraction. Our data are exhibited in Table CCX XIIT. 
Table CCXXIII. Appearance of Fundus and General Refraction. 


General Refraction in Dioptres (Central Values) 


é| al|Sie] a 
5 ol ols] 8 
oa | | | al 
le Se 
o | Light ae —|{—]—] 25 
= | Medium Light 4 |—} 4] 453 
S | Medium Dark 2 |—}|—] 340 
3 Dark... —|—|— 58 
= ny eres cee 
< | Totals 6 |—| 4 876 
The constants of this table are the following: 
General Refraction, Mean: + -1455 D.; Standard Deviation: 1-:3962 D. 


Biserial Coefficient of Correlationt: 7, = — :0135 + -0360. 
Accordingly, if we only separate into Light and Dark Fundi no association of Fundus and 
General Refraction is to be found. If we take the array-means we have: 


Grade of Fundus Mean General 
Pigmentation Refraction 
Light Ses -0150 D. +-1883 D. 


-1689 D. + -0442 D. 
1743 D.-£-0511 D. 
-1358 D.--1236 D. 


1455 D.+-0318 D. 


Medium Light 
Medium Dark 
Dark... 


l+r+ | 


General Population: 


+ 


There results from these array-means: 
7” Gr.wp = ‘003,374, Por.rp = 008,425 + -001,882, 
or 7” er. rp IS not significant having regard to 7 gp. pp. 


* Although we suspect some mingling with another race in these Jews, they are taken as a whole probably of purer 
race than the English are. + See the earlier portion of this memoir: Annals of Eugenics, Vol. 1, pp. 17-19. 
t Dichotomy between Medium Light and Medium Dark. 
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We may therefore assert that there is no association of Fundus Pigmentation and General 
Refraction to be found on our data. This is true if we look at the probable errors of the array- 
means, even the mean for the “Dark” is not definitely significant. It is quite certain that there 
is no close association of Fundus and General Refraction. At the same time in studying the 
Fundus Pigmentation we have so frequently come across the fact that the Light and Dark Fundi 
both differ in the same direction from the medium value, that we should not be surprised if there 
was again a distinction of this kind, here only feebly adumbrated and indicating that the purer 
the race, the smaller the General Refraction. 


(v) Pigmentation of Fundus and General Astigmatism. Our data are given in Table CCXXIV. 
Table CCX XIV. Appearance of Fundus and General Astigmatism. 


General Astigmatism in Dioptres (Central Values) 


2 9 ° 19 ° 10 2 10 

fen) N toy tia w} NA ~ 
Fundus o a i S ° a = , 

- - + = | | | | 

Light va — - — 4 1 — — 

Medium Light 0-5 15 4 20 10 16-5 6-5 9 

Medium Dar — — 1 25-5 10 8 — — 

Dark... bbe — — — 55 2 

Totals 0-5 15 55 23 24-5 6-5 9 


With a dichotomy between Medium Light and Medium Dark we find for the biserial correlation 
coefficient: 7, = + °1712 + -0343*. 

There is thus a quite significant, if not very large, correlation between a Lighter Fundus and 
Astigmatism with the rule. This confirms the observation made in the section dealing with 
Refraction Class and the appearance of the Fundus. Turning to the array-means we find: 


Appearance of Fundus Mean General Astigmatism 
Light sat -0000 +. -1004 D. 3 ‘ 
Medium Light — -3162-.-0236 Dp} ~~ 2997 + -0229 D. 
Medium Dark — 1015+-0272 D.\_ , ; 
Dark... ... — -06474.-0659 D, f ~ 0961+: -0252 D. 

General Populationf: — :20724.-0170 D. 


The differences are in the main significant, and appear to indicate that the Astigmatism is least 
when the Fundus is very Light or very Dark, i.e. probably with racial purity, but with Medium 
Pigmentation especially on the light side the General Astigmatism increases. 

Determining the correlation ratio of Astigmatism on Pigmentation of Fundus we find: 

7? @4.ep = 023,582, Pes.rp = °003,425 + -001,882. 
Thus 7”¢4.rp differs significantly from 7¢4 7p and we have 7’@4.7p = *1536, which corrected for the 
class index of Fundus Pigmentation (-8921) gives ng4.7p = °1722, a value just in excess of that 
of the biserial correlation coefficient 7, (= -1712). 

(vi) Pigmentation of Fundus and Corneal Refraction. Table CCX XV below provides the data 
for A and B only. The constants are as follows: 

Corneal Refraction, Mean: 43-8756 D.; Standard Deviation: 1-5253 D. 

Biserial Coefficient of Correlation with the dichotomy between Medium Light and Medium 
Dark is given by 1, = 0048 + -0425. 

* If we disregard the sign of the Astigmatism we only raise r, to + -1720 + -0343, the Higher Astigmatism being with 


the Lighter Fundus. The array-means become Light: -2400 D., M. Light: -4305 D., M. Dark: -2228 D., and Dark: -2069 D. 
+ Standard Deviation: -7439 D. 
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Thus no association between Fundus Pigmentation and Corneal Refraction is indicated. This is 
confirmed if we take the array-means when we find: 


Grade of Pigmentation Mean Corneal Refraction 
Light 34 44-425 + -230 D. 
Medium Light 43-909 +. -073 D. 
Medium Dark 43-902+--088 D. 
Dark... es 43-625-+-167 D. 

General Population: 43-876 + -052 D. 


Table CCXXV. Appearance of Fundus and Corneal Refraction (A and B only). 


Corneal Refraction in Dioptres (Central Values) 


——- 
wy 1D plo) Ye) 1D 1D Ned Ye) 1 Ye) Ww 1D 19 Ye) Ney) wD wD ww wD “wD a 

Haus | Soy | eS a ae Lee fee tees fee ee et | es et | ale 

Z/S/Sl/S/S/Sisls/S/Sl/SlSsls/slSis] se] sisis}e 

Light rT} 1 4 7 4);— 2 2 —}|—j— 20 
Medium Light | 1 | —|—|—J] 7 1 5 8 | 11 | 14] 21 | 29 | 31 | 24) 16 6 | 13-5 | 6-5 | 2 1 197 
Medium Dark | — | — | —|—] 2 3 3 3} 11] 15] 15) 15] 11) 14 | 15] 144 12 2 1 137 
Dark... 1 2 2 4 7 9 5 3 2 38 
Totals aioe 1 };—}|—]—]{]10] 4 9 13 | 24 | 33 | 39 | 55 | 58 | 47 | 34 | 24 | 275) 85] 3 2 | 392 


None of these means, having regard to their probable errors, can be considered to differ 
significantly from that of the General Population. We cannot therefore suppose 7, small because 
the regression line is curved, but must hold that Corneal Refraction is not associated with the 
Pigmentation of the Fundus as far as the observations of A and B are concerned. 

We next considered whether this result would be modified if we included the observations 
of C. These are given in Table CCX XVI below added to those of A and B. 

Corneal Refraction, Mean: 43-4518 D.; Standard Deviation: 1-5550 D. 
Biserial Coefficient of Correlation*: 7, = — -0280 + -0340. 

This signifies that there is no significant relation between Light or Dark Pigmentation and 

Corneal Refraction. If we turn to the array-means we have: 


Grade of Pigmentation Mean Corneal Refraction 
Light ead 44-1458+-2141 D. 
Medium Light 43-4529 + -0464 D. 
Medium Dark 43-4022 + -0534 D. 
Dark... aia 43-4833 + -1354 D. 
General Population: 43-4518 +. -0335 D. 
These lead to: 7” or. rp = :005,304, or.rp = ‘003,061 + -001,681; 


n”or.wp cannot therefore be asserted to be significant having regard to the value of 7 gp rp. 
This is in general confirmed by the probable errors. Only the Light category in the array-means 
shows a possibly significant difference as corresponding to a cornea of less radius, i.e. possibly to 
a racial difference in the Jewish boys with a Light Fundus. 


Table CCXXVI. Appearance of Fundus and Corneal Refraction (A, B and C). 


Corneal Refraction in Dioptres 


te) Ye} 19 Ye) w® | 9 | 29 7) 
a a nq an Ni ATA 3 
= Ll Ke) — © loom Ne) ~~ 
oD 1D 1D Re) Soa a Se oo i) 
a + sH oe tH A 

Light wes 1 1 3 — 2 2 — f—j];— 24 
Medium Light | 1 45 | 40 | 61 33 22 | 245 | 85) 1 2 | 510 
Medium Dark | — 39 | 42 | 50 24:5 | 24] 175) 4 2 | — | 386 
Dark... 4) 10 2 4 3 1 — ;j—]|— 60 
Totals 116 61:5 | 51 45 


* Dichotomy between Medium Light and Medium Dark. 
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(vii) Pigmentation of the Fundus and Corneal Astigmatism. Our data are exhibited in 
- Table CCX XVIL. . 


Table CCX XVII. Appearance of the Fundus and Corneal Astigmatism (A, B and C). 


Corneal Astigmatism in Dioptres 


Fundus — 2-25|— 1-50/— 0-75] 0-00 | +0-75 |+1-50| +2-25 |+3-00]+3-75]+4-50| + 5-25|+6-00] Totals 
Light ee || eecral | sey a od 10 13 — 24. 
Medium Light | — | 5 | 6 221 | 1755 | 42 | 305 | 15 | 7 3 4 1 | 510 
Medium Dark 1 2 45 167 161 27 18-5 4 1 — — _— 386 
Dark... ep ea 22 30 4 1 60 
Totals a 1 7 | 145] 420 | 3795 | 73 | 50 i9 | 8 3 4 1 | 980 
The constants of this table are as follows: 
Corneal Astigmatism (regarding sign): 
Mean: + -6230D.; Standard Deviation: -8596 D. 
Corneal Astigmatism (disregarding sign): 
Mean: + °6712 D.; Standard Deviation: +8505 D. 
Biserial Correlation Coefficient (regarding sign): 7% = — 1156 + -0333. 


Biserial Correlation Coefficient (disregarding sign): 7 = — -1161 + -0333. 


Turning to the array-means we find: 
Mean Corneal Astigmatism 
——.. 


CS ee ~\ 

Grade of Fundus Pigmentation Regarding Sign Disregarding Sign 
Light aug + :3750 D.+-1183 + -4375 D.4:1171 

Medium Ligh + -7118 D.+:0257 + *7588 D. + -0254 

Medium Dark + +5440 D.+:-0295 + °5887 D.= -0292 

Dark ... _ -+- -4750 D.-+ 0749 + -56500 D.+-0741 

General Population: + *6230 D.+-0185 + -6712 D.+-0183 


We deduce from these the correlation ratios: 
Regarding sign: 7” ¢4.7p = ‘012,734, Wo«.rp — °003,061 + 001,681. 
Disregarding sign: 7¢4.rp = °012,318, Poa.rp = 003,061 + 001,681. 
Both are clearly significant and we find regarding sign y’o4.7p = °1128, and disregarding sign 
n’ca.rp = ‘1110, or correcting for class index: regarding sign yo4.rp = °1264, and disregarding 
sign no4.rp = °1246. 
Thus as we have seen that for General Astigmatism there is a small but definite association 
with Fundus Pigmentation, so there is for Corneal Astigmatism but to a somewhat lesser extent. 
The array-means indicate that the regression is hardly linear, it is least for the lightest and 
darkest Fundi but rises for the medium. This agrees with what we noted in the case of General 
Astigmatism, and may, as we have remarked, be due to there being less Astigmatism in the 
purer racial groups. 
(viii) Pigmentation of the Fundus and Distance of Near Point. Our data are provided in 
Table CCX XVIII. 


Table CCX XVIII. Appearance of Fundus and Distance of Near Povnt. 


Distance of Near Point in mm. 


rnd |8/3/9]/8/8/s/8 [2]2] 2 [8/ale(gislelsiala/a/s 
Ss Ss (sj ie =~ | et 

fee eae ee ea (a (ee ae ee) eee 2 

Medium Light |1|1|2]2|3] 9] 9-5} 19-5|31-5|46-5 |39|45|47/32)17/16|15|10] 4 | 10] 8 

Medium Dark |—|—|—|—|—| 3]10 |22 | 15-5 (27-5 |36}47|33|24/24/15/12] 7} 9} 9) 8 

Dark... a a Se ae A Oe eee ee ee 

Totals... 1/1] 2|217/15|21-5|50-5|/50 |84 |82/97|84]59| 42| 36|28/ 18/14/20] 16 
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Treating this table as a biserial table with dichotomy between Medium Light and Medium 


Dark, we find: r = 0514 + -0386, 
a non-significant coefficient. 
Testing this by array-means we find: 


Grade of Fundus Mean Distance of 
Pigmentation Near Point 
Light... ie 90-0000 + 2-916 mm. 
Medium Light 92-4338 +. 0-703 mm. 
Medium Dark 95-0726-+0-777 mm. 
Dark ... see 85-3750-L 2-163 mm. 
General Population*: 93-0767 + 0-499 mm. 


It is the last two categories only which respectively approach and exceed the limit of non- 
significance. We have the result noticed before that those with specially Dark Fundi have a close 
Near Point, i.e. are probably myopic. The great distance of the Near Point of the Medium Dark 
group probably corresponds with the small excess of the Hypermetropic, as shown in the table 
of percentages on p. 221. 

Proceeding to determine the correlation ratio we have: 

0? Np. wp = °128,795, Wwp.re = 004,000 + -002,197. 
Thus 7” yp.rp is significantly different from 7 yp pp and 7’ yp.rp = +3589. 

This value is far more considerable than that suggested by 7,, which was non-significant. We 
conclude therefore that the skew form of the regression curve indicated by the array-means is 
real, and that the low values of the Distance of the Near Point are actually found when the 
Fundus is very Light or very Dark (? in pure races) and not to the same extent in the Medium 
range. 

Summary of Influence of Fundus Pigmentation on the Ocular Characters. In general, there is 
very little association between the Fundus Pigmentation and Ocular Characters. This pigmentation 
is a racial character closely related to the iris pigmentation, and significantly, but to a less extent, 
with the hair pigmentation. The one ocular character which shows quite definite, if not very 
intense, association with the Fundus Pigmentation is the Astigmatism, whether General or Corneal; 
it is suggested, but not demonstrated, that this correlation results from racial admixture. Where 
two races with different sizes and shapes of the orbital cavities intercross, then we might anticipate 
that if the inheritance is particulate the curvatures of the eyes in the principal meridians might 
show signs of this hybridism, and Astigmatism be produced. If one of this race had a light, and 
the other a dark fundus racially, a correlation would be produced between appearance of Fundus 
and Astigmatism which has no origin in any link between the anatomical and physiological 
characters of the eye. This relation between Astigmatism and Fundus Pigmentation would be 
reflected in a weaker association of Visual Acuity and Distance of the Near Point with Fundus 
Pigmentation. It would undoubtedly be of interest to ascertain whether Eurasians, mulattoes or 
other human hybrids show any special degree of Astigmatism. 

(7) Interrelations of Various Refractions of the Eye. We have already seen that in a rough 
sort of manner it is possible to obtain a measure of the relation between the refractive power of 
the cornea and the refractive power of the lens, and that the Astigmatism of the one must be 
highly related to that of the other: see pp. 170, 179-180 and 189. This suggests that there is a 
relation between the moulding of the cornea and the moulding of the lens. We cannot determine 
whether this interrelation is a growth phenomenon or due to muscular action, but the fact that the 

* Standard Deviation: 20-2780 mm. 
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refractive powers of cornea and lens are so highly correlated is of much significance. It may be 
said that the first thing to do is to establish a relation between the directions of axes for cornea 
and lens. But there are difficulties which rapidly come to sight when the problem is examined. 
In the first place we have not the direction of the axis of the lens at all, we have only the directions 
of the axes for General Astigmatism and for Corneal Astigmatism, and we must deduce our know- 
ledge of the direction of the axis of the lens from these. In the next place only 26 %* of the eyes 
we examined had sensible astigmatism, and of these only 28 % had direction of axis differing 
sensibly from the horizontal. It will be seen therefore that the data to determine the relation 
of Corneal to General Axis of Astigmatism are very slender. We must be content therefore with the 
broad fact that in the main the Axes of Astigmatism for both the Corneal and General factors are 
horizontal and vertical. The correlation table for the directions to the horizontal of the principal 
meridians in the case of General and Corneal Astigmatism is given below. 


Table CCX XIX. Directions of Axes of General and Corneal Astigmatisms. 


Direction of Axis of General Astigmatism (Central Values) 
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The constants of this table after removing 279 cases which had neither General nor Corneal 
Astigmatism{ are the following: 


Axis of General Astigmatism, Mean: + 0°-3814; Standard Deviation{: 11°-7190. 
Axis of Corneal Astigmatism, Mean: + 0°3980; Standard Deviation{: 8°-3338. 
Product Moment Correlation Coefficient: r = + -0799 + -0273. 


It will be seen at once that the correlation is very low. We can approach the matter from 


* This is for General Astigmatism: see Table CCII, p. 194. For Corneal Astigmatism, however, the figure is 57 %: 
see Table CCVIII, p. 203. The difference probably depends on the greater ease with which Corneal Refractions can be 
ascertained and so small differences recorded. If we exclude the small positive astigmatisms centring at + -75, we find the 
percentage reduced to 19 %, more in accord with the General Astigmatism figure. 

+ Of 900 eyes, 663 had no General Astigmatism. Of the 237 astigmatic eyes, 171 had the axis horizontal, this left 
66 eyes or slightly over 7 % of all eyes with the axis of General Astigmatism differing from the horizontal. 

{ We are left with 442 out of 603 or 73-3 % of cases in which both sets of axes are horizontal and vertical. There are 
59 cases in which the axis of Corneal Astigmatism is horizontal, but not that of General Astigmatism, and 68 cases in 
which the axis of General Astigmatism, but not that of Corneal Astigmatism is horizontal; this leaves only 34 cases in 
which both differ from zero. 
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another standpoint by taking the difference between the directions of the axes of the two 
astigmatisms for the 603 cases of astigmatism of both kinds. 


Angle between Axes (General minus Corneal). 


Oo. Poe. oe. Ol So | ark Oo oe. le le ee ee ce Be ae ce} fo} 

SlelesleISiRIS(Si/SlaleleliSl®i/SliB—lisliselsi/seisizslsisls 
foe Ae Wieden ah as ees +)typyttl tet tt +t tt ty +t] ty ti tt t+ tlt 
3 10 2 1 | 20 1 7 10 | 11 | 9-5 | 450) 85] 17 | 13 6 3 ll 7. 3 yf —|1 1 — 1 


If the reader remembers that we are not taking the smallest angle between the principal axes, 
but the angle between the principal axes of each astigmatism nearer to the horizontal, he will 
see how angles like 70° can arise. He will notice that 509 cases lie between — 17°-5 and + 17°5 
or something like 84 % have this fairly close degree of agreement. If this be borne in mind, it will 
be clear that the bulk of R,’s and C,’s and again of A,’s and C,’s are approximately in the same 
directions and there is meaning in correlating them. The constants of the above frequency-dis- 
tributions are: Mean: + 0°-0166; Standard Deviation: 13°-8264*. If the angles be «, and a,, 
oa, + oa, = oq, -a¢ 

264,Fa, 

We shall now try and correlate the refractive powers of the cornea and of the lens in the principal 
meridians. In order to do this we will call the General Refractions R, and R,, the Corneal Refrac- 
tions C, and C,, and the pseudo-Lenticular Refractions Z, and L,+, where the subscripts 1 and 2 


* Sheppard’s correction not used. 

+ The reader must bear in mind that L, and JL, are not the true lenticular refractions, but obtained from the difference 
of the Total and the Corneal Refractions. These remainders are, of course, chiefly due to the lens but actually the position 
of the lens and the media in which it is placed would have to be taken into consideration. We have defined pseudo- 
lenticular refractions L, and L, to be the differences between F, 
and OC, and R, and C,. They are not therefore the true lenticular 
refractions. The sources of error are twofold: 

(i) the two refracting systems have not their lenses in contact. 
We have indicated something of the size of error introduced by 
the separation of crystalline lens and cornea on p. 179; 

(ii) the principal axes nearer to the horizontal of R, and C, do 
not coincide in all cases. Actually the three astigmatisms can be 
shown to arrange themselves as the sides of a triangle, with the 
angles between the sides double the angles between the principal 


then we have fa,a, = = -0799, checking the former result. 


axes nearer to the horizontal. (Of course the same crude assump- 4=%-C, 
tion has been made, i.e. of ‘‘thin”’ systems placed in contact.) a 
Thus Ly — Ly =V (Ry — By)? + (Cz — 04)? — 2 (Bg — By) (Cz — Cy) C08 20 oe eee eee eecsessssseceeeees (i), 
, C.-C, .. wi 
and sin 2 (¢~— 0) = 7 Bim 20) lsc o viv cosoncscbed cvahie bis sebeatndastevausesdene (ii), 


give the curvature : corresponding to the lenticular astigmatism and the angle ¢ between the principal axes of lens 
2 
and of cornea. 
We have now to determine the principal lenticular refractions L, and L,. We deduce easily: 
Ry = 1+ C+ (C, — C,) sin? 6+ (L, — L,) sin? G—O ook 
Rex bO. 40,6 oustd-4:(F, = Loos (b= 8). ee (iii). 
Accordingly Ry t+ Ry = Dy Lg t Gy t Cy ceceecececsccecsccccecsccececeeeeeesscecesens (iv). 
Whence by aid of (i): 
LE, = 3 (Ry + Ry) — § (Cp + Cy) + 4V (Ry — Ry)? + (Cy — C1)? — 2 (RB, — B,) (Cy — Cy) cos = 
Ly = (Ry + By) — 3 (Cy + Cy) F4V (By — By)? + (Cy — Cy)? — 2 (Ra — By) (Cz — C,) cos 28 
The difficulty of this solution is that, while (ii) gives this value of ¢, we do not know which value of the radical 
corresponds to which value of L. 


Returning to our triangle we have: = se ae z oe 
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refer to the principal meridians nearer to the horizontal and vertical respectively. We desire to know 
how all these refractions are interrelated. We have already found the correlation coefficients of 
R, and R, (see p. 175), of C, and C, (see p. 201) and deduced approximate values for the correlations 
of &, and L, (see p. 177), of C, and LZ, and of R, and C, (see p. 180). 

We have deduced directly for the present purpose the correlations of R, and C, for both A and 
B alone and for these observers combined with C. We have also deduced for both series the 


Table CCXXX. Correlation of Corneal and General Refractions in Principal Meridians 
nearer to Vertical (A, B and C). 


R,, General Refraction in Principal Meridian nearer to Vertical (Central Values in Dioptres) 
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Let 2y be the smallest angle given by (vi), then the solutions of (v) are 26 = 2y and 2¢ = 7 + 2y. Thus: 
y= 4 (Ry + B,)—}(C, + 0,)—3 aay (R,— R,) in direction y with the axis of O, — C, 
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(vi) and (vii) should suffice to determine the “‘lenticular”’ refractions. It would not be very heavy work to determine 
L, and L, for the relatively few observations in which 6 differs from zero. Unfortunately we can only ascertain truly 
L, and L, from a knowledge of the absolute values of R, and R,. Such absolute values are not determined. The absolute 
curvatures, and so the refractive powers, are found in the case of the cornea, but in the case of General Refraction 
we are measuring the additive or subtractive refractional power needful to make an individual eye emmetropic, but 
we are not reducing that eye to an emmetropic eye of standard dimensions; our zero, so to speak, is individual to the 
eye observed, while the corneal refractive powers are absolute. We cannot really determine the refractive powers of the 
lens L, and L, in this manner, because we are adding an R relative to the individual to an absolute C, and the amount 
of error we should introduce by replacing the zero of R by an average constant appears at present unknown, and quite 
possibly of the same order as the corrections for 6, since @ is usually small. We have contented ourselves accordingly 
with pseudo-lenticular refractions, L, = R, — C, and L, = R, — C,, which would be approximately correct if the principal 
axes of General and Corneal Astigmatism coincided, which they do not in all, but in the great majority of cases. These 
pseudo-lenticular refractions will still be subject to the errors introduced by the absolute origin of the Corneal and the 
relative origin of the General Refraction. Actually in the above formulae £ is the total refractive power of the eye in 
a given meridian and equals R,,, — R, where R is the ‘General Refraction”’ of the ophthalmologist, and R,,, the refractive 
power of the individual eye if rendered emmetropic in that meridian. 
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correlations of R, and C,, and for the larger series C, and R,. These are amply sufficient to enable 
us to obtain all the remaining correlations indirectly. We shall now proceed to discuss these ad- 
ditional tables, and indicate the indirect method by which the remaining correlation coefficients 
can be determined. 

We have dealt with the correlation of R, and C, on p. 177 and seen how small it is. We now 
take R, and C,. Table CCX XX (p. 228) gives our data for A, B and C’s observations. 

The constants of this table are as follows: 


General Refraction R,, Mean: — -09524 D.; Standard Deviation: 1-38235 D. 
Corneal Refraction C,, Mean: 44-0530 D.; Standard Deviation: 1-60412 D. 
Product Moment Correlation Coefficient: 7 = — -0411 + -0227. 


It is clear that the correlation does not differ sensibly from zero. The array-means have again 
non-significant differences when the arrays are taken either way and neither series shows a 
significant trend. See Diagram 112, p. 230). 

In order to investigate the matter further we considered the data for A and B only. 


Table CCX XX bis. Correlation of Corneal and General Refractions in Principal Meridians 
nearer to Vertical (A and B). 


R,, General Refraction in Principal Meridian nearer to Vertical (Central Values in Dioptres) 
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This table again exhibits very little correlation. We have the following values of the constants: 
General Refraction, R,, Mean: + -0636 D.; Standard Deviation: 1-5345 D. 
Corneal Refraction, C,, Mean: 44-6589 D.; Standard Deviation: 1-5867 D. 
Product Moment Correlation Coefficient: 7 = — -0896 + -0356. ' 

Correlation Ratios: 
no, rn, = °068,087, I o,.n, = °042,373 + -010,199, 
1 R,.0, = °096,935, 9 R,.c, = °053,672 + -011,409. 
Probably 7 and 7’%¢, p, are just, while 77», o, is more definitely significant, having regard to their 
probable errors. We have: n’¢,.2, = -2609 and 7’z,.¢, = °3113. 


Value of Re in Dioptres 
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The array-means were determined and are exhibited in Diagram 113; it will be seen that they 
do not suggest any regular series and we have only graduated them with the straight regression — 
lines (not shown for clearness in the diagrams): 

O, = 44-6648 — -09265R,, 
R, = 3-9333 — -08665C,, 
CORRELATION _OF 
GENERAL & CORNEAL REFRACTIONS GENERAL _& CORNEAL REFRACTIONS Rz WITH Ce WITH Gz 


(OBSERVERS A,B & (OBSERVERS A,B &C) ALIEN JEWISH BOYS _ ALIEN_JEWISH_BOYS GORRELATION OF 
GENERAL & GORNEAL REFRAGTIONS Re WITH Go 


@- -@ Re on Cz (OBSERVERS A&B ONLY) ALIEN JEWISH BOYS 
O---O Gz or Ro 


e- -@ Ro or C2 
O---O Ce on Rg 


fe) a 


- -®=27 hee -y @ 


Value of Rg in Dioptres 


400 . 420 44-0 46-0 48-0 
Value of Gs ia Diogires Value of Gy ie Diopires 
Diagram 112. Diagram 113. 


where ©, and R, are the probable values of the “vertical”? Corneal and General Refractions for 
given values R, and C, of the “vertical” General and Corneal Refractions respectively. 
It will be clear that the refractions in these “vertical” directions are as little related as they 
were in the “horizontal” directions. 
We now turn to the cross-correlations, namely, those between the Corneal and General Re- 
fractions in the cross meridians, i.e. R, with C, and R, with C,. 
We take first R, with C, for A, B and C combined. Table CCX XXII (p. 931) provides the data. 
The constants of this table run as follows: 
General Refraction R,, Mean: + -1403 D.; Standard Deviation: 1-4121 D. 
Corneal Refraction C,, Mean: 44-0530 D.; Standard Deviation: 1-6255 D. 
Product Moment Correlation Coefficient: r = + -0911 + -0225. 
Correlation Ratios: 
n° ¢..m, = 065,138, Fo..m = ‘019,274 + -004,433, 
n= 0, = '065,992, rc, = °023,810 + -004,894. 


Value of Ry iz Diogires 
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Table COX XXI. Correlation of General Refraction in Meridian nearer the Horizontal with 
Corneal Refraction in Meridian nearer the Vertical (A, B and C)). 


R,, General Refraction in Meridian nearer the Horizontal (Central Values in Dioptres) 
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It will be seen that all these associations are significant if small, and we have: 
1 cs.R, = *2552, An,.c, = *2569. 

The results appear to indicate that the regression curves differ somewhat from straight lines. 
They are represented in Diagram 114*. 

There appears in neither regression series a continuously changing curve. Rather we might 
fairly treat the regression of C, on R, as linear from R, = + 2 D. to — 4 D., but there appears to 
be a rise in the Corneal Refraction of the “vertical”? Meridian, when the “ horizontal’? General 
Refraction is in excess of + 2D. In the same way when the “vertical” Corneal Refraction rises 
from 40 D. to 46 D. there is no significant change in the “horizontal” General Refraction, but 
with further increase of the Corneal Refraction in the “vertical” we begin to get a definite rise 
in the “horizontal” General Refraction. 


Table CCX XXI bis. Correlation of General Refraction in Meridian nearer the Horizontal with 
Corneal Refraction in Meridian nearer the Vertical (A and B only). 


R,, General Refraction in Meridian nearer the Horizontal (Central Values in Dioptres) 
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We controlled these results by taking A and B’s gecervanons only: see Table CCX XXT bis. 
The constants were found to be: 
General Refraction R,, Mean: -+ :2945 D.; Standard Deviation: 1-5688 D. 
Corneal Refraction C,, Mean: 44-6589 D.; Standard Deviation: 1-5867 D. 
Product Moment Correlation Coefficient: r = -0777 + -0356. 
Correlation Ratios: 


2” o,.R, = 098,330, Po.r, = 045,197 + -010,517, 
7” 2,0, = °140,826, Pr,.c, = 053,672 + -011,409. 
The associations are significant and give: 
1’ Cy.Rs = +3136, 7’ R.c, = 3753. 


* The cubics used for graduation are: 
G, = 43-9052 + -190,025R, + -034,108R,? — 004,681 2,3, 
R, = 064,755 — -03666 (C,, — 44-125) + -03294 (C,, — 44-125)? + -015,366 (C, — 44-125). 


KARL PEARSON ann MARGARET MOUL 233 


Thus while the correlation coefficient has decreased to probable insignificance, the correlation 
ratios have increased in significance and intensity. 

Diagram 115 (p. 231) exhibits the regression lines; they are very similar to those of the previous 
diagram with shifted means. 

These diagrams certainly cannot be graduated with straight lines. The graduating cubics for 
A and B only are: 

C, = 44-57875 + -11387R, + -01910R,? — -00215R,°, 
R, = -20845 — -11714 (C, — 44-125) + -02772 (C, ~ 44-125)? + 023,084 (C, — 44-125), 
the units in both cases being dioptres. 

Lastly, we have correlated R, the “vertical” General Refraction with C, the “horizontal” 
Corneal Refraction. Table CCX XXII provides the data for A, B and C’s combined observations. 
The constants of this table are: 

General Refraction R,, Mean: — -0952 D.; Standard Deviation: 1-3824 D. 
Corneal Refraction C,, Mean: 43-4889 D.; Standard Deviation: 1-5336 D. 
Product Moment Correlation Coefficient: r= — -0305 + -0227. 

Correlation Ratios: 

n”o,.r, = 016,401, # = 021,542 + -004,660, 

1” p,.o, = '012,828, 7 = -020,408 + -004,538. 
Thus no measure of the association is significant, and we fail to find any relation between the 
Corneal Refraction in the principal meridian nearer to the horizontal and the General Refraction 
in the principal meridian nearer to the vertical. 


Table CCX XXII. Correlation of General Refraction in Principal Meridian nearer the Vertical 
with Corneal Refraction in Principal Meridian nearer the Horizonial (A, B and C). 


R,, General Refraction in Principal Meridian nearer the Vertical (Central Values in Dioptres) 
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The non-significance of these associations seems to need confirmation, so we give the table for 
A and B alone. 
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234. PROBLEM OF ALIEN IMMIGRATION 
The data are given in Table CCX XXIII, p. 235. The constants are the following: 


General Refraction R,, Mean: ‘+ -0636 D.; Standard Deviation: 1-5347 D. 
Corneal Refraction C,, Mean: 43-9470 D.; Standard Deviation: 1-4905 D. 
Product Moment Correlation Coefficient: r = — -0456 + -0358. 
Correlation Ratios: 7’¢,.r, = °065,031, Wo,.r, = 042,373 + -010,199, 
n’*p,.c, = *053,289, i r,.c, = °039,548 + -009,866. 


CORRELATION _OF 
GENERAL & CORNEAL REFRACTIONS Re WITH ¢, 


CORRELATION OF 
(oBseRveRS A,B &C)_ALIEN JEWISH Boys SSS 


GENERAL & GORNEAL REFRAGTIONS R, WITH ¢, 


OBSERVERS A&B ONLY Ww Ss 
@- -@ Rez on G (OBSERVERS A & B ONLY) ALIEN JEWISH BOvS 


O---O G, on Rg 


@- -@ Rz on G, 
0---0 C, oR Re 


: ° 
e ~e. 
-e- 9=0-0-0-9- 6 atsen 


t 
. . 4 
9° 


3 


MEAN | 


Value of Re ir Diortres 


. 
‘ t 
. 
\ 
‘1 


Value of ©, i Diogives Value of ©, ir Diogtres 
Diagram 116. Diagram 117. 

Neither the correlation coefficient nor the correlation ratios can be asserted to be definitely 
significant and the array-means either way do not indicate any ordered sequence. Hence the 
previous conclusion, that there is no significant association, is confirmed. 

It will be clear from these results that there is very little association indeed between the General 
and Corneal Refractions, either in the same, or in cross-meridians. The correlations are of an en- 
tirely different and negligible order as compared with those of the principal refractions of the 
same category, whether Corneal or General with each other, or of the Lenticular with each 
other, or with the General and Corneal Refractions. It might be supposed that this result arose 
from the fact that there is very little correlation between the directions of the principal axes of 
the cornea and of the total ocular system. But this cannot be the true explanation, for we have 
seen that the great majority of eyes are not astigmatic at all, and of those that are, by far the larger 
number have the principal axes of both the Corneal and General Astigmatisms horizontal and 
vertical. 
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Table CCX XXIII. Correlation of General Refraction in Principal Meridian nearer the Vertical 
with Corneal Refraction in Principal Meridian nearer the Horizontal (A and B only). 


R,, General Refraction in Principal Meridian nearer the Vertical (Central Values in Dioptres) 
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We shall now proceed to indicate how many of these correlations may be obtained indirectly. 
For this purpose we shall write 4g = General Astigmatism = R, — R,, Ag = Corneal Astigmatism 
= CO, — Qj. 

Ita Bae denote a mean, we have: 

Ag — Ag = R, — R, — (R, — R,), 
or S8Ag = 5R, — 5h. 
If brackets denote a mean summation value: 
{8AgdC}} _ {5R,8C3} — {8R, 8C}}, 
and accordingly: Tro, = (Tag0,F 4g + Yr,0,%R,)/R,- 
Again: {8A 8R} = {8R,5C,} — {8R,5C}, 
Tin C, = (Tag RF 4g + TRF C,)/[%C,: 
All the quantities on the right-hand sides of these two equations have been found if we re- 


member that: op, = 084, + op, + 2ougoRNAghi> 


and ao, = O46 + oo, + 20 45% 0,1 490," 
We find: oz, = 1-5655 D. and og, = 1-6078 D. compared with op, = 1-5822 D. and og, = 1-6357 D. 
found directly. These results are as close as we can anticipate from the two methods. We have 
also from the above equations: rp,co,= — ‘0297 and rp,c¢, = + -0611, while found directly they 
are 7z,c, = — °0305 and rz,¢, = + 0777. These are comparisons for A and B’s data only. The 
results justify us in believing that when it is not possible to find correlations directly the 
approximate methods will give good results*. If we term LZ, and L, the Pseudo-Lenticular 
Refractions in the principal axes, i.e. in the great bulk of cases the horizontal and vertical, 
* The results would be closer, if Sheppard’s corrections had been omitted. Thus in the two ways of approaching the 


correlation of directions of axes (see pp. 226-227) the agreement is perfect (-0799) if these corrections are omitted, but 
if used, -0818 against -0709. 


30-2 


236 PROBLEM OF ALIEN IMMIGRATION 


defining them by 8Z, = — 5R, — 8C,, 8L, = — 5R, — 8C,f, then L, — L, = ~ (R, — R,) — (C, — C,) 
will be the Pseudo-Lenticular Astigmatism. This terminology is not exact, for the General 
Refraction is not the sum of the Corneal and Lenticular Refractions. But the quantities we have 
called L, and L, are chiefly contributed by the crystalline lens, and for this reason the terminology 
is convenient if not wholly accurate. 

In the following table the correlation coefficients marked with an asterisk have been found 
directly. 

‘i Table CCXXXIV. Correlations of the Various Refraction Components. 


R, R, C, C Ly i. 
R, = + -8965* + -0911* — +6340 — *7553 
_ (+ +9282) (+ -0777)* (— -6791) (— -6790) 
R, + -8965* = — -0305* — -0411* — 6917 — -6347 
(+ -9282) a (— -0456)* ~ -0896)* (— -6149) (— -6712) 
CQ, — -0994* — -0305* — + -8552* — -7065 — -6541 
(— -1358)* (— -0456)* = (+ -8184)* (— -6350) (— 5896) 
C, + -0911* — -0411* + *8552* Wee — -7392 — -7460 
(+ -0777)* (— -0896)* (+ -8184)* = (— -6807) (— -6881) 
I, — -6340 — 6917 ~- -7065 — -7392 = + 9556 
(— -6791) (— -6149) (— -6350) (— -6807) = (+ -9541) 
Ls — -1553 — 6347 — -6541 — -7460 + 9556 — 
(— -5896) (— -6881) "(4 -9541) = 


The quantities in brackets are derived from A and B’s observations only. Those without brackets 
include C’s observations also. We have further the following standard deviations: 

For A, B and C: o,, = 1-9750 D., o,, = 2-0741 D., o4, == 6111 D. 

For A, B only: o,, = 2-0146 D., o,, = 2:1062 D., o4, = ‘6301 D. 
Whence by aid of the formula: 

Trt, = (977, + 072, — 07 4,)/(207,07,)5 

we deduce: : 
for A, Band C: rz,,,,= + °9556; for A and B: 1,7, = + ‘9541. 


The following formulae were used to determine the values in Table CCXXXIV not found 
directly: 


r pene oR, TR,R, “ Fo, TOR, ra oR, TRC: oF To, TOC, a 2. oR, RG, — oq, 
R,D, — a > C,Ly = ? O,L, = . ’ 
Ly Ty Dy 
ro = — Ohm Tt GT OR, fe = — TRO, Tata r., = — Thro, t 2, 
RL, ~ Co ? C, Ly e ? Cz Ly, c > 
Ly Lr, Dn 
ste eas CE SO: re = Ot Re, 
R,L, ~~ ? Ri Ly, : 


Cr, CL, 

The table allows of fairly easy interpretation: 

(i) The direct correlations between “horizontal” and “vertical” refractions, e.g. R, with R,, C, 
with C, and L, with L,, are the highest. 

(ii) The correlations as found from the series A, B and C in no case differ very substantially 
from those found from the series A and B. We should prefer the latter results, were it not that 
by using them only we much increase the probable errors of sampling, as C’s observations are 
nearly double the number of those of A and B alone. 


(iii) Cross-correlations such as R, with L, or C, with R, are not always as one might @ priori 


} Actually R+ L+C = R,,,, and if we suppose #,,—the refractive power of the individual eye rendered emmetropic 
—to vary only in a second order degree, we have 61 = —dR—8C. 
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suppose less than direct correlations, i.e. correlations between refractions in approximately the 
same direction. Compare 7;,¢, and 7;,r, with r;,¢, and rz, p, respectively. 

(iv) The “Lenticular” refractions are highly correlated with both the General and the Corneal 
Refractions; in the case of the latter with a compensatory effect. 

(v) The Corneal Refractions have a very low relationship with the General Refractions. Thus 
while it would be relatively accurate to predict the Lenticular Refractions from the General 
Refractions or from the Corneal Refractions, no reasonable estimate can be formed of the Corneal 
Refractions from the General Refractions. 

We shall now conclude this discussion of the Refractions by forming the correlations between 
their differences, i.e. between the General 4,, the Corneal Ag, and the Lenticular 4, Astigmatisms. 


Ag Ag A, 
Ag = — -6947* — +2794 
= (-- °7578)* (-- +3263) 
Ag — -6947* a — -4965 
(— -7578)* = (— -3695) 
A, — 2794 — -4965 oy 
(— -3263) (— -3695) = 


The correlations with an asterisk were found directly, those without indirectly (see pp. 189- 
190 above). 

We see here that: : 

(i) The series (in brackets) for A and B generally give somewhat higher correlations than those 
for A, B and C combined. 

(ii) All the correlations are appreciable, some high. Thus the Astigmatisms of the Cornea and 
of the Lens are both correlated with the General Astigmatism, but the correlations show that the 
Corneal Astigmatism is more closely associated with the General Astigmatism than the Astigma- 
tism of the Lens is. 

(iii) While the Corneal Refraction has little relation to the General Refraction, the Corneal 
Astigmatism has quite a close relation with the General Astigmatism. It may be asked how this 
can possibly be, since the Astigmatism is only the difference of two Refractions. We are inclined 
to believe, although at present we cannot prove it, that the absence of any significant correlation 
in the case of the General and Corneal Refractions is due to the arbitrary nature of the origin in 
the case of General Refraction. The-Corneal Refraction is an absolute measure of the eye, i.e. of the 
curvature of the cornea, but the General Refraction is not a measure of the refractive power of 
the eye as a whole, it is merely a measure of what must be added or subtracted from that power 
to make the eye emmetropic in the given meridian. We must subtract R the General Refraction 
from a refractive power R,,, to obtain the total refraction of the eye. This R,,, is a quantity which 
depends on the individual eye, and accordingly in the usual method of measuring general refrac- 
tion, we measure it relative to an origin, which varies from eye to eye. We suggest that this 
variation destroys the absolute value of the General Refraction and so weakens the correlation 
between it and the absolute Corneal Refraction. On the other hand, when we take the difference 
between the principal refractions, this arbitrary origin practically disappears and we get the same 
result as if we had subtracted the absolute refractions. The full correlation between the Corneal 
and General Refractions would, we suggest, only be obtained if we were able to correlate C with 
Ren — R. Unfortunately our data do not provide a means of determining R,,,. We may know 
its average value for the human eye, but to put R,,, equal to this value is of no service as the 
correlation depends on the variations of the variates, not on their mean values. | 
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(k) Conclusion of Section C. Having found so little influence of Environment on Sight and 
so little influence of Sight on Intelligence and School Success (see results in the following 
Sections D and E), we frankly admit that we were once inclined to lose confidence in our 
ophthalmological data. We therefore turned with some anxiety to a more minute study of the 
interrelations of our ocular characters, but the high correlations which this study has provided 
have convinced us that we are dealing with organic measurements of reasonable accuracy. It 
is perfectly true that if we could start de novo, we now see how the technique could be improved, 
and the observations usefully extended. But there is probably no long observational research, 
especially one of a statistical nature, about which a conscientious investigator does not feel at 
its conclusion how much better he could do it, were he to start it afresh. But to do a thing 
“better,” does not signify that the former doing was bad, it may well have been good. What it 
does signify is that in the course of a long research—in this case extending over many years—the 
investigators are not only learning the interrelationship of phenomena, but also learning thereby 
how more effectively to approach the riddles which those phenomena present. 


Table CCXXXV. Summary of the Intercorrelation of Ocular Characters. 
Second Ocular Character 


First Ocular Visual Refraction General Corneal General Yorneal Near Point | Pigmentation 
Character Acuity Class Refraction Refraction | Astigmatism | Astigmatism Distance of Fundus 
Visual r = -7763* nf = -6839 7 = *7301 af = -1870 nf = 5004 nf = 4238 nf = 2131 nf = (0826 
Acuity r = -T997T r = 2706 (7’ = +2199) r = 3665 (n’ = -3764) T) = 0756 
r = — 0275 
Refraction C’, = 8182 feiteszs 
Class = ry = 9249 = p” insign. 
General nf = 5740 9 = °7501 7 =:1612 nf = 13272 nf = 4495 nf = 12523 n’ = 0581 
Refraction r = +9229 (= -2580) = 4445) 
r = -2706 — = r= — 0994 | r=—-2490 | r= -3664 r= — +1828 | ry = — -0135 
(= — +1358) = 3 
Corneal nf = -2205 af =:1381 | yn’ =-2115 7 =:1718 — n’ =:2313 af insign 
Refraction (7’ = +1957) r= -9124 (= :2323) 
r= — -0275 r= — 0994 (= -8706) == + -1293 : r= —-1156 | ry = — -0280 
(= — +1358) (= -0048) 
General nf = 4231 7’ = 6863 | 7’ = -6356 nf = 1981 nf = +7375 — n = 11722 
Astigmatism (= :2328) 1 = +8593 (= -8074) 
r = +3665 _ r= — +2490 | r=+4 +1293 a r= — 6947 | r= —-1417 T, = 1712 
(= + -0726) =-- 
Corneal nf = 4066 (7’ = -5676) af = -5724 - n n = °1264 
Astigmatism = -5756) 
_ _— r = -3664 (r = -2722) T = — 1156 
(= *3381) 
Near Point nf = 2456 af = :1842 | y’ = -2415 n’ = 1995 — r= — 0190 7’ = 3589 
Distance = 
— — r= — +1828 | r=—-1156 | r=—-1417 | 7’ =-2082 T) = 0514 
(= — -0242) (= insign.) 
Pigmentation Tp = (0756 qf = 1171) | ry = — 0135 | rp = — 0280 | 7, =-1712 . Direction of 
of Fundus ¢’? insign. (= -0048) Axis 
Direction of 1 naga = 2061 Corneal : 
Axis, General = — — 1 garna = 2483 Astigmatism 
Astigmatism r = -0799 
Direction of General _ 
Axis, Corneal _ _ Astigmatism 
Astigmatism r = -0799 


* Special Examination. + Medical Examination (Boys). 
t Less than the corresponding 7, only because 7’ is uncorrected. 
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We believe that there is a wide field of work open in the statistical study of the eye, especially 
in childhood. It needs, in the first place, the cooperation of ophthalmologist and statistician. 
But it needs something further, it requires the apparatus, the time and the energy which money 
alone can provide. In the present investigation the collection of ophthalmic data was only a part 
of a much wider inquiry, namely, the general fitness of a particular class of emigrant. The Galton 
Laboratory possesses no funds for carrying on essential work of this type, and in this case money 
had to be raised from external sources, the total amount falling short of £100. The reader who 
realises this fact will perhaps be less ready to ask why that much more which he seeks, and we also 
want, especially in the ophthalmic inquiry, was not obtained ! We needed more time, more subjects, 
more ophthalmic aid, and the war came and shattered any chance of carrying on further with 
replenished funds and revised technique. All we wish to claim is, that the results drawn from 
our data form a good first approximation to the interrelationship of ocular characters, and that 
we should like to see them, as they are for a special race, controlled by a similar investigation 
with better technique on a larger number of Gentile children. __ 

Meanwhile, to the ophthalmologist who is not a mathematician, the diagrams of this section 
may prove the more interesting and readily interpreted part of it. To those acquainted with the 
modern mathematical theory of statistics the results of this section summarised in the ac- 
companying Table CCX X XV (p. 238) will give a concise statement of the interocular relationships, 
which we have found in our special material. 

This table must be read a little differently from some of the earlier tables. They read either in 
the rows or columns indifferently. This still holds for the coefficients of correlation, but the corre- 
lation ratios must be read horizontally. y' the correlation ratio in any cell is the uncorrected 
correlation ratio of the ocular character in the left-hand column on the ocular character at the 
top of the column in which 7’ occurs. As before the values in brackets are for A and B’s data only, 
those without brackets are for A, B and C’s observations combined. It will be seen at a glance 
that the ocular characters form a complex correlated system. In the diagonal cells we have placed 
the coefficients which measure the relationships of Right Eye to Left Eye. 


NOTE ON LENTICULAR ASTIGMATISM. 


In dealing with this topic we have been content to consider only the crudest measurements of 
the influence of the lens on total astigmatism. We have not entered into the sources of this 
astigmatism. According to Hess in Graefe-Saemisch* astigmatism other than corneal has not 
been sufficiently investigated at present to justify definite statements. Possibly observations by 
aid of the slit lamp, or even Young’s method of investigating the astigmatism with the eye 
under water (“Mechanism of the Eye,’ Miscellaneous Works, Vol. 1, pp. 26, 41), would throw 
light on the nature of lenticular astigmatism. The source of it has been variously attributed to 
(i) lamination of the lens, (ii) dislocation of the lens, i.e. to the centre of the lens not being on the 
optic axis, (iii) to a tilting of the lens, as by Young, and (iv) to the refracting power of the lens 
being different in different planes—especially the sagittal and equatorialt. In the case of (ii) 
and (ili) we can find an equivalent thin lens, with differentiated refracting powers in the principal. 

* Handbuch der gesammten Augenheilkunde, Bd. vi, Abt. 2, 8. 420, Leipzig, 1903. 

ft It is convenient to term the principal meridian nearer the vertical, in accordance with cranial terminology, the 
sagittal plane, and the principal meridian nearer the horizontal, the equatorial plane. Unfortunately the Germans 
(and Southall) call the former the meridional plane and the latter the sagittal plane. Our sagittal plane, as it will 


usually contain the optical axes of the eye and the eccentric ray, coincides with the primary plane of Coddington 
and Denis Taylor and our equatorial with their secondary plane. 
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planes, which would produce the same astigmatism. This would also be true in the case of (i), 
but in the present stage of our knowledge it might be difficult to give the equivalent lens even by 
rough determinations. The problem of the equivalent lens in cases (ii) and (iii) deserves some 
consideration and we may discuss it in three ways: (a) by treating the lens as thick which the 
crystalline lens certainly is, and considering the formulae for a thick lens tilted or dislocated, 
(b) by treating the lens as thin and considering the full formulae for a thin lens tilted or dislocated, 
and (c) by neglecting cubic powers of small quantities in the formulae obtained in (6). 

(a) (i) On Lenticular Astigmatism when we take into account the Thickness of the Lens. The general 
formulae for a convexo-convex lens of thickness d, radii 7, and 7,, refractive index n, in a medium 
of refractive index n,, the lens being supposed of uniform non-laminated material, have been given 
by L. Hermann*. They cover both the cases in which we are for the time specially interested, 
i.e. the tilted and dislocated lens, or indeed the combination of tilt and dislocation. 

The angles and points are indicated in the accompanying figure. 


Y = aoe = —_ 
Cae ty * EO te Oe ss GENERAL CASE OF REFRACTION 
NM Sin J, = Ny SIN a, 2 THROUGH THIGK LENS 


Np SiN dg = Ny Sin Pf. 
Let A = sin (¢, — «)/sin @, 
B= sin ($2 — £)/sin , 
T =r, cosa — (7, + 7% — d) cos 6+ 7, cos f, 
0 = 71, sina — (7, + 7 — d) sin @ + 7, sin B. 
Then the distances of the image points 
from the emergent point @ are given by 
cos? de = B 4 cos? B 


F, % 2 
=| cos — 
A i 2/o 
1 B ] 
Rn mT 
A n/N 


(a) (ii) Case of Dislocation through a dis- 
tance y= PM, the incident Ray being parallel 
to the Axis C,C,. Fig. I now takes the Fig. I. 
form of Fig. II (p. 241) and for this special case ¢, = 6 +4, y= 7, sin (@-+ «). For the eye focussed 
on a distant object 7, = 10 mm., 7, = 6 mm., while n, = 1-:3365, n, = 1-4371. We consider two 


eaeyes Dislocation of 2 mm. Dislocation of 3 mm. 
F, = 42-0486 mm., F, = 32-9894 mm., 
F, = 47-0287 mm., F, = 43-9504 mm., 
6+ dg — B = 2° 23’-0384, 6-+ dg — B = 8° 51-1147, 


fi= Ni = F, cos (0+ ¢. — 8) = 42:0122 mm., f, = N= F, cos (8 + ¢, — 8) = 32-9149 mm., 
fy = NU’ = F, cos (0 + d2 — B) = 46-9880 mm., hh = Nv’ = F, cos (0 + $2 — 8) = 48-8511 mm., 
where N’ is the point at which NQ produced meets the optic axis. 
* Pfliigers Archiv fiir die gesammte Physiologie, Bd. xvur, 8. 453, Bonn, 1878. We have to acknowledge our 


indebtedness to Mr R. C. Stevenson of the Department of Applied Mathematics, University College, London, for a 
reference to this paper of Hermann and for checking our numerical results by a duplicate working. 
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DISLOGATION_OF_THIGK LENS 


Now if we termed (= x 1000 the 


iH 


astigmatism we should have for disloca- 
tion of 


OPTIC AXTS 
at suf 


2mm. 
Ry — Rg = 2-521 D. 
3mm. 
Ry — Rg = 7-577 D. 
where #, and Rg are the refractive powers 
in the equatorial and sagittal planes re- 
spectively. 

These values are sensibly identical with 
those we should obtain by using the F’s in- 
stead of the f’s. But we do not think these 
values correct for a thin lens placed at Q Fig. II. 


with refractive powers of ; and F would have to be met by a ray parallel to its axis to give 
1 2 


images at axial distances N's and N’2’. The equivalent thin lens must be placed at P, or we must 
add MN = T cos @ to both f, and f,. These values are 3-0700 and 2°3652 for dislocations of 
2mm. and 3mm. respectively. We have therefore 


Dislocation of 2 mm. Dislocation of 3 mm. 
fi’ = Pi = 45-0822 mm., fi’ = Pi = 35-2801 mm., 
fi’ = Pi’ = 50-0580 mm., fr’ = Pi’ = 46-2163 mm., 
] 1 ] 1 
a p= Rg— Ry = 2-205 D., ~— = R,— Ry = 6-707 D. 
fl ft oe fl fh celia 


The radius of the crystalline lens is about 4-8 mm., and a dislocation of 3 mm. would bring the 
edge of the lens up to the border of the iris and any greater dislocation would be accompanied 
by a double image and so be pathologically recognisable. It is indeed unlikely that the eee 
lens could be dislocated 3 mm. or even TILTING OF THICK LENS 
2mm. without penetrating the choroid. a 
However, the results indicate degrees of 
lenticular astigmatism such as actually 
occur. 

(a) (ii) Telting of Lens through an Angle 
x. We shall suppose the incident ray to 
be so directed that if it were not refracted 
at entering the anterior surface of the lens 
it would pass through O the bisector of the 
chord. The accompanying figure indicates 
the points and angles. 

In this case 


6—a=x-— 41, 


‘ 


sin ¢, = 


Fig. III. 
OC, _ 0,02 + HC? — HC?  2(r,—d) (n+m)+@ 
ae PMR Ae = BHO On = Baa 


EUGENICS 1, 1&0 31 
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This determines a and therefore sin ¢, from the second equation. But sin a = “2 sin ¢,, hence 
1 2 


« is known and then from the first equation 6. The remaining angles are determined as before. 
We have worked out the results for tilts of 8° and 15° and find the following values: 
Tilt of 8°. Tilt of 15°. 
F, = 48-6017 mm., F, = 46-7887 mm., 
F, = 49-0973 mm., F, = 48-9273 mm., 
T= 3-6220 mm., T 3-6780 mm., 
T cos6= 3°5909 mm., T cos§= 3:-5677 mm., 
fi = FF, cos (6 + ¢. — B) = 48-1457 mm., fi = F, cos (8 + ¢. — B) = 45°2529 mm., 
he = F, cos (8 + dz — 8) = 48°6366 mm., fe = F, cos (0 + d. — 8) = 47-3214 mm., 
fi’ = 51-7366 mm., sf,’ = 52-2275 mm., f,’ = 48°8206 mm., ff,’ = 50-8891 mm., 


Rea Re es s.iso D, By~ Ry = p;— gs ~ 882 D. 


Sr’ 
The Rg — R, is the astigmatism of a lens placed at P where the optic axis of the eye, or the 
incident ray, meets the anterior surface of the lens. Had we placed this lens at Q the astigmatisms 


would have been Z _ a7 -210 D. and -966 D. respectively. A tilt of even 8° in the lens seems in 
1 2 


itself very improbable without producing pathological effects other than mere astigmatism. On 
the whole, therefore, we are inclined to think that small tilts of the lens would produce too small 
effects to be a main source of lenticular astigmatism. 


(0) (i) We shall now proceed to consider the formulae which we obtain if the lens be treated 
as “thin.” In this case C,C, = 7, + 72, % sin ¢, = N, Sina, nm sin dg = n, sin 8 as before. A and 
B are defined as for the thick lens, but 7 = 0. The formulae* on p. 240 reduce to 


1 B A cos? B 
FF, 1,.cos*¢,_—— 7, COS? a COs? dy’ 


(b) (ii) Dislocation of Lens through a distance y= PM, the incident Ray being parallel to the Axis. 
Here PM = QN = pO say, because the lens is thin; y = 7, sin ¢, = 7, sin (8 + a — 44). 
We obtain the following values for dislocations of 2mm. and 3 mm. respectively: 


Dislocation of 2 mm. 
F, = 42-1319, 
FE, = 47-3577, 
br — a+ by — B = 2° 25-2287, 


fi = F, cos (¢, — « + d2 — 8) = 42-0944, 
fp = F, cos (¢, — « + ¢, — 8) = 47-3155, 


Astigmatism = 1000 ( 


hence: Ry — Rg = 2-62, 


Dislocation of 3 mm. 
F, = 32-6151, © 
F, = 43-9593, 
$, — a+ bo — B = 3° 547908, 
fi = F, cos ($ — « + , — f) = 32-5391, 
fo = F, 00s ($; — « + $2 — B) = 43°8568, 


Ry — Rg = 7-93. 


* If we substitute the values of A and B and sin ¢, = 2 sin a, 8in ¢, = 72 sin B, these formulae reduce to those given 
by J. P. C. Southall, The Principles and Methods of Geometrical Optics, § 251, pp. 363-364, New York, 1910. 
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(b) (iii) Tilting of Lens through an Angle x. Here we have 4, = x, and therefore @ = a in the 
general formulae; also JT = 0. From the sag for T we get cos @ = cos f or 6 = 8 = a, and hence 


Vn? — Ny? sin? x — Ny COS x 
Ala fo en SR ack 


¢,= ¢,and A= B= 
N 


The fundamental equations reduce to* 
1 Vn,? — m2 sin? x — My COBX 


Fr, Ng COS? x 
1 Vn 2 — no? sin? y — 2% Cos x 
= K, 
Fy, % 
1 1 
where Kees: 
ry 6" 


Hence the difference of the refractive powers, remembering to project, is 
4 LO00K oe ‘ 
Ry -— Re= aoa Np? sin? x — Ny Cos x) tan? x 
We find astigmatisms of -40 D. and 1-49 D. for tilts of 8° and 15° respectively. 
(c) (i) For the case of dislocation of a thin lens the following approximate formula was obtained 


by neglecting cubic and higher powers of small quantities 
iia (1 + ae 


_ 1000 (2. — 7%) | na) 1s 22 
Ha ee N ve & a (1 oP M1 Ny, | 7? 
where cai eee 
1, Te 
10 mm., 7, = 6mm., and so K = -26667, while 


ee the eye ‘focussed on a distant object 7, = 
= 1-3365, n. = 1-4371. We then have 
Rg — Ry = -5380y?. 

For a dislocation of 2mm. we find Rg — Ry = 2-15 D., and for a dislocation of 3 mm. we find 


Rg — Ry = 4:84 D. 
(c) (ii) For the tilting of a thin lens the corresponding approximate formula is 
2 


Rs — Ry = -006114 (angle of tilt in degrees) 
This gives us astigmatisms of :39 D. and 1-38 D. for tilts of 8° and 15° respectively 


Summary of Results. 
Astigmatism produced 


Approximate for- 
mula, for thin lens 


2-15 D. 
4-84 D. 


Dislocation of lens Thick lens 


2-205 D. 2-62 
7-93 


Dislocation of 2 mm. 
6-707 D. 


Dislocation of 3 mm. 

It is clear from these results that the approximate formula cannot be applied to obtain even 

rough results for dislocations of more than 1-5 to 2 mm. at most. The thickness of the lens reduces 

* These formulae are the same as those given by Coddington, who appears to have been the first to investigate the 

problem of a centric pencil passing obliquely to the axis of a lens (A System of Optics, Part I, p. 120, Cambridge, 1823). 
We owe the reference to these formulae to the kindness of Professor L. N. G. Filon. 
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the amount of the astigmatism. The values of the astigmatisms produced by dislocation might 
account for the observed lenticular astigmatism. 
Astigmatism produced 


Approximate for- 


Tilting of lens Thick lens Thin lens mula for thin lens 
Tilt of 8° +182 D. -40 D. 39 D. 
Tilt of 15° +832 D. 1-49 D. 1-38 D. 


The approximate formula gives fairly reliable results compared with the full formula for the 
thin lens for values of 8° and under. The thickness of the lens tends to reduce the amount of the — 
astigmatism as it did in the case of dislocation of the lens. The results obtained for the astig- 
matism, even for such large tilts as 8° and 15° (which correspond to separations of the iris from 
the lens of 1-5 to 2-5 mm.), seem incapable of accounting for the observed lenticular astigmatisms. 
We therefore conclude that while dislocation might, it is improbable that tilting can be the 
source of lenticular astigmatism. With regard to dislocation, while it is optically admissible as 
a source of the required astigmatism, it may be questioned whether a dislocation of 2 to 3 mm. 
is anatomically possible without a change in the size of the lens or a modification of the choroid. 
It seems an easier explanation to suppose the curvatures of the lens to be different in the 
equatorial and sagittal planes. It must anyhow be borne in mind that a tilt or dislocation may 
be looked upon as optically equivalent to a properly placed thin lens with different refractive 
powers in its principal planes. For the purposes of the present memoir it is indifferent what 
the source of the lenticular astigmatism and the lenticular refractions may be. They are measures 
of the contributions of the crystalline lens to the errors of refraction, whether they arise from 
dislocation, tilting or other causes. 


(To be continued) 


